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FORWARD
Environmental problems in our complex industrial society have, in the
oast decade, assumed immense proportions. A population growth which will
double the number of persons in the United States and in the total world
in the next thirty years makes it imperative that greater care and con
sideration be given to the effects of industrialization on all our lives.
All industry is fair game for the advocate that suggest there should
be no change in what nature has given us. If these persons were to be
followed, there would be no industrial ization, no improvement in living
conditions, working hours, and leisure time than v/hen American was first
settled. Others would have the so cal led "good life", vast residential
sub divisions spreading out from our cities, super-highways, shopping
centers, two cars for every family and at the same time assume that our
country and our technical know-how wil 1 be able to easily cope with the
problems created. Obviously, neither extreme can be followed but there
must be some middle road which should be taken.No industry is less understood than the mineral industry. Even
though it underpins the entire industrial complex of our nation, few
people know where our raw materials come from or have any understanding
of the ooeration of an industry that is based upon a depleting asset
which can not be replaced except by new discovery. Miners are so
efficient oroducing raw materials that today one man may produce as much
tonnage as ten men did twenty years ago. The mineral industry repres
ents only 3% of the gross national product but, directly or indirectly,
75% of our gross national product is dependent upon it.
Since few people are employed in this industry, there is little
knov;ledge of the role it plays in our complex society. The general
public only hears of the industry when it reads of some mine disaster
or other sepctacular event such as the leakage of oil from an off
shore oil well. Consequently, the public image of the industry can only
be described as "bad".
Recently there has been tremendous pressure exerted on industry
of all kinds, but particularly on the mi neral industry, to improve its
practices in the areas of land reclamati on, mine safety, control of air
and water pollution, etc. All states wi th any mining are, or already
have, passed new legislation that restri cts and limits the activity
of the miner. While much of this legisl ation is long overdue, there
is a great danger of over-reaction and a lack of understanding on the
part of legislators and the general publ ic as to the efforts of the
industry and professionals working withi n it to solve these problems.
Much has been done.
This conference is the first of a series which will
campuses of universities in the United States to present
recent technological advances made in solving the mining
mental problems. The text of the papers of the speakers
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conference, along with edited discussion, is presented in these proceedings
The keynote speakers give broad coverage of the problems and the subject
speakers deal with specific problems in each of the categories of land
reclamation, mine safety, air problems and water problems. The final ses
sion on the relationship of the mineral industry to the general public
enabled governmental, educational and industrial persons to present their
views of these public relations problems. The final speaker summarized
the conference in its entirity.
The next conference of this tyne will be hald on the campus of the
University of Arizona in the spring of 1970. This conference will be
co-sponsored by the University of Missouri-Rol1a . The final program for
this conference will be mailed to conferees when scheduling is-complete-

MINING ENVIRONMENTAL CONFERENCE
Introductory Remarks by Chancellor Merl Baker
University of Missouri-Rolla
Rolla, Missouri
Senator Randolph, Governor Morris, distinguished speakers, conference
participants and faculty.
It is indeed a pleasure for me to extend to you a welcome on be
half of the University of flissouri-Rolla. Congratulations are extended
to Dr. Scott, Dr. Spokes, and Dean Planje for their many hours of plan
ning and work in making the Conference possible. Also, I want to rec
ognize Dean Lorey of our Extension Division, as he is responsible for
paying the bills.
I believe that mining has a much broader definition today than vyas
true twenty-five years ago and many of us consider mining as the collec
tion of our environmental natural resources, whether these resources
be taken from beneath the earth's surface, from the surface, from the
ocean, from the atmosohere, or from outer space.
This broad definition, although not yet listed in the dictionary,
requires engineers and scientists with many specialties to perfect
proper collecting techniques. Mining today means much more to me
than burrowing a tunnel underground and removing the ore producing rock.
The greater complexity of mining requires that conferences, semi
nars, and other continuing education programs be held to help personnel
maintain currency. Certainly in this field the often stated belief
that the half life of an engineer is only five years becomes a sober
revelation. Some even say that engineers are obsolete by the time they
graduate from college because of the rate of advancement in knowledge,
those who consider that one-half of what they learn in college is .
obsolete in five years are more realistic and reveal the necessity for
engineers and scientists to recharge their batteries often so that
they are able to cone with modern technology.
The definition of the environment is another one of broad meaning
to me. Environment is understood by most as being that which is about
man which affects his mental and physical well being. There is little
that the medical profession can do to change the physiology of man,
but engineers can do very much to change the physical surrounding which
can benefit man. The environment provides the natural resources to be
mined, but obsolete mining techniques can pollute the environment.
Engineers must become politically responsible and socially conscious
enough to enable the proper use of our natural resources. They must

translate scientific advancement to the benefit of society. Not only
must they be innovators, but in addition they must direct their efforts
and the efforts of others toward solving man's problems.
As one of the nation's largest technological universities, this
campus of the University of Missouri is dedicated to not only advancing
science and technology, but also to directing the fruit of training and
research to help solve society's problems, whether these be local,
state, national, or international.
Just as my concept of "mining" covers the range from beneath the
earth's circle to outer space, the environment with which we are con
cerned extends from our local campus to ultimately encompass the v/orld
We hope that the Conference will be rewarding to all of you and
that you will come back to Rolla often.

MINING ENVIRONMENTAL CONFERENCE
April 16-18, 1969
UNIVERSITY OF MISSOURI-ROLLA
Wednesday, April 16 - florning Session
Dr. Scott: "I v/ould like now to introduce your session chairman for
this morning. The session chairman will have complete control of the
material and will be the boss from here on out. The chairman for the
first sessions on water problems is Mr. Larry Cook who is the executive
vice president of the Ohio Reclamation Association."
Mr. Cook: "Dr. Scott, lieutenant governor, gentlemen, this is, as
Dr. Scott said, an environmental conference. We accept the word to
day quite casually. But, I can recall it has been only two years ago
that I said to the members of my association 'get ready, there is a
word with which you are all familirar that is going to take a new place
in our vocabulary and that is environment.' The time has come when we
will no longer talk of just v/ater pollution, or air pollution, or land
reclamation. We are going to be dealing vn'th all the facets with which
man deals and with which he lives. I was particularly interested in
the title of this morning's session: Water Problems of the Mineral
Industry, because it certainly signifies by implication that water
problems are a part of the mineral industry. A problem which the
industry has accepted and with v/hich it must deal.
I think we are
at this conference with the intent to find further answers for the
industry. The industry has accepted the obligation but we also must
have the answers. We can not just suddenly become aware that there
are environmental problems and say 'that is it, do it' we must have
answers. When Dr. Scott told me the lineup for the speakers for
this conference, I was honored to have the opportunity to make some
of the presentations.

WATER PROBLEMS OF THE MINERAL INDUSTRY

WATER PROBLEMS
by
Senator Jennings Randolph
Chairman, Senate Committee on Public Works
Washington, D.C.
The productive power of industry and the variety of goods and
services produced in our economy attest to the achievements of the
engineering profession in America. These are achievements in which you
can take justifiable pride.
The engineer has been the problem solver in industry. It has been
your function to develop new methods and new processes for producing
goods. It has not been your concern to think of the social consequences
of some of the technologies you have devised. Today, however, the
quality of our life is seriously threatened by the waste products of
the same productive system that has made possible the marvels of
modern civilization. We are fouling the air we breathe, the water
we drink, and the land on which we live.
Today's United States population of 200 million probably will
grow to 250 million by 1980, and likely will grow to 320 million or
more by the year 2000. With the continuing trend of urbanization, our
present 145 million urban residents probably will increase to nearly
200 million by 1980. And, unless trends are radically altered there
will be perhaps as many as 270 million persons on little more than
one percent of our land area only 30 years hence.
Speaking of
only one of the many important facets of the future
of the American
society, in order to meet the energy demands of the
population as projected, and to meet the requirements of an expand
ing technology,
electric power generation, for example, must triple
by 1980 and double again by the end of the century. Even if nuclear
sources of power generation expand to provide half of the generating
capacity, we still will have a three-fold increase in the combustion of
fossil fuels.
The minerals and fossil fuEls industries must expect equivalent
increase in their production if they are to keep pace with our pop
ulation growth in a constantly expanding technology.
The massive increases in production will require ever more stringent
efforts to prevent and abate pollution of our enviornment. Even today,
the minerals industry generates approximately 1.1 billion tons of solid
waste annually— or some 30 pounds per person per day. Not only does
this mounting pile of waste scar the landscape, but it is a major con
tribution to water pollution in many areas. For example, acid mine
drainage from underground and surface mines as well as strip mines.

from coal mines and copper mines, pollutes some 11,000 miles of streams.
We may expect the problem of preventing v^ater pollution from the solid
wastes of the mining industry to become even more aggravated in the
future.
For as the ingenuity of your industry is expressed in an ad
vancing mining and minerals processing technology, we see the mining
and processing of increasingly lower grade ores. Thus, the amount of
waste per ton of refined ore is greater than it was in a more primitive
technology. For example, in the copper industry ores averaging 15
pounds of copper per ton are frequently mined and smelted. The mining
process produces 2 tons of waste per ton of ore while smelting pro
duces about 125 tons of waste per ton of copper. Therefore, approx
imately 400 tons of waste material are produced per ton of copper.
As I mentioned earlier, this is not merely a problem of solid waste
and pollution of the landscape, but unless preventive measures are taken
it also becomes a major factor in water pollution.
It is aoparent therefore that modern technology increasingly has
the pov/er to disrupt and destroy the natural environment and the eco
logical balance on which much of life, and possible even human life,
depends.
We have recently witnessed a dramatic example of this in the oil
well blowout in Santa Barbara. Though that was a relatively low produc
ing well, we w'ill not know for some time what the effects of the oil
spill have been on the local marine ecology. And one hardly dares to
contemplate the effects of a major off-shore oil well blowout.
In testifying before our Senate Subcommittee on Air and Water
Pollution shortly after the Santa Barbara incident. Secretary
of the Interior Walter Hickel referred to a major gas well blowout that
occurred on the Alaskan Continental Shelf while he was Governor of
Alaska. The Secretary stated that it took 14 months to extinguish the
fire, which could be seen from a distance of 150 miles. The Secretary
then publicly speculated on what the results would have been, had this
blowout been a major oil producing well of 10,000 or 15,000 barrels a
day. As he stated before our Subcommittee, "we would have oil from.the
Arctic to the Antarctic." This is but one of the most dramatic of the
potential dangers of our advancing technology. Perhaps of greater real
danger to the quality of our environment are the less dramatic but
more'pervasive contributions to water pollution.
What are some of specific pollution areas in the minerals industry
of which mining engineers must become more aware, and toward which we
must make greater efforts at pollution prevention and control?
--copper mining and processing;
--uranium mining and mill wastes;
--phosphate extraction and the consequent danger of overenrichment or eutrophication;
--oil field wastes from well drilling, brine disposal, and
oil pipelines;

--taconite in Wisconsin and Upper Michigan;
--disposal of solid, liquid and gaseous wastes and dreging of wastes from steel mills, for instance:
— salt loads involved in mining;
— potential pollution and wastes from oil shale develop
ment.
I would particularly make reference to the problems of oil shale
development, because since the gasoline shortage during the early part
of World War II, I have maintained a keen interest in the development
of our western oil shale lands. It is my understanding that it is not
yet commercially feasible to develop these oil shale lands, but I have
little doubt that at some time in the future the United States will need
to turn to this as a source of energy. And the potential pollution
problems of mining and processing oil shale make’our present problem.s
minute by comparison. This is an instance of v/here we must, in order
to prevent total ruination of the environment, solve the pollution pro
blems of oil shale mining before rather than after commercial develop
ment begins.
Let me assert certain basic principles which should guide our efforts
in preventing and controlling environmental pollution. First, man is
a part of nature and must learn to live in harmony with nature, with the
recognition that any industrial activity to some degree despoils the
natural environment and this despoilation must be minimized to the
greatest degree possible; second, the Nation's water resources are a
valuable national asset, subject to many uses, and that the whole
Nation has a vital interest in their protection and enhancement; third,
that our water resources are being degraded and that this degradation
poses a threat to the well-being of the Nation and to our potential for
long-term economic growth.
Acknowledgement of these principles brings us to recognition of
the need for a three-pronged effort in the conservation and enhance
ment of the quality of our v^ater resources.
First, reducing our water withdrawals keeps pollutants at a
minimal level in our lakes and rivers. Such reduction of withdrawals
applies not only to industry but to agricultural and municipal uses
as well and may require reduction of the right to withdrawal in cer
tain areas. For exanole, irrigation use in the southwest United States
is the largest consumptive use of water in the area, and with the ex
panding population of that region municipal and industrial uses may
in the future require higher priority than agricultural uses.
Secondly, we must maximize the use of that water which is with
drawn by developing industrial processes of more intensive use and
reuse of water. The pulp and paper industry, and certain segments of

the steel industry have made dramatic strides in this respect and I
would hope that the minerals and minerals processing industry would
do the same.
Finally, vie must reduce to an absolute minimum the discharge of
contaminated effluents into our water courses, and this requires not
only greatly expanded plant treatment facilities but also greater
effort toward developing in-process changes which reduce pollutants.
With respect to the minerals industry, acknov/ledgement of these
principles must specifically concentrate a greater effort on the
design and construction of mining sites to prevent soil erosion, dis
posal of mine spoil, use of impoundments and backfill, and prevention
and control of acid mine drainage through water flow by recontouring
and grouting and by flooding and air sealing.
I am aware that the mining industry is engaged in research in some
of these areas of activity, and that certain of the suggestions I
have made are considered matters of good mining practice. However,
such practice is generally on a voluntary basis and is followed with
varying degrees of diligence.
The Water Quality Standards Act of 1965, which was drafted in
large measure by our Senate Subcommittee on Air and Water Pollution,
will make these practices more uniform.
In the last two years the
States have submitted to the Department of the Interior the water
quality standards which were required by that Act, and the Secretary
has aporoved most of the standards which were required by that Act,
and the Secretary has approved most of the standards and the Department
is now reviewing the exceptions.
In order to extend the technology of prevention of acid mine drain
age, I authored an amendment to the Water Quality Act of 1968. This
legislation died in the closing days of the 90th Congress, but it had
been incorporated in the separate water pollution control measures pass
ed in both the Senate and the House of Representatives. Consequently,
my acid mine drainage provisions are incorporated in the pending
legislation in both the Senate and the House of Representatives in the
91st Congress. These provisions would establish a demorrstration prograrfi to test the technological and economic feasibility of controlling
mine pollution within an entire watershed or drainage area. The pro
gram would be funded at a level of $15 million on a 75-25, Federal and
State matching basis. Our Senate Subcommittee on Air and Water
Pollution will meet in Executive Session this week on S. 7, the Water
Quality Improvement Act of 1969, which incorporates my amendment. The
Committee on Public Works of the House of Representatives has already
reoorted similar legislation, and we anticipate House action this week.
I am hopeful that the acid mine drainage demonstration program author
ized by this legislation will be the basis for new advances in pollution
abatement technology in the minerals industry.
There is another provision for research and development in existing
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water pollution control legislation to which I would draw your attention
In the Clean Waters Restoration Act of 1966 we established a new program
of contract and grant research to develop more efficient and economic
techniques and technology for pollution control and prevention. This
program authorizes grants to industry, totalling $20 million a year, to
aid in finding new and improved ways to treat and prevent industrial
wastes, with a maximum Federal share of 70 percent of project costs.
I am led to believe that the applications for research grants and
contracts from the mining industry have not been overwhelming in number.
I urge those of you representing both private and public enterprises to
give consideration to this provision of the existing statute.
We are reaching the limits— and in many areas have dangerously
passed the limits of our environment to absorb and assimilate the
wastes of man's activities.
It is estimated that at the present rate
of population and industrial growth, by 1980, the pollution load will
consume, during the low-flow summer months, all of the available
oxygen in all of the river systems of America. This is an appalling
prospect, and the trend must be sharply reversed nov/ if we are going
to maintain an environment suitable for human life.
To do this will require a massive commitment from private and
public enterprises and from government at every level. This is the
challenge to each of us in this room. If we meet this challenge we v/ill
have the gratitude of our children and future generations.

MISSOURI STREAM STUDIES RELATING
TO THE "NEW LEAD BELT"
by
Bobby Wixson^ and Ernst Bolter^
The University of Missouri-Rolla
Rolla, Missouri
The future growth of the mineral industry in the next century may
be largely dependent upon the understanding and development of the many
parameters that comprise the mining environment. The total mining
environment represents a most complex system which must be successfully
controlled in order to locate, develop, mine and process the minerals
so urgently needed by our modern world. One of the very important prob
lems facing the mining industry, in this respect, is the practice of
good water pollution abatement programs to control and prevent water
pollution in streams, rivers and other water resources affected by the
mining environment.
The recent development of v/hat may be one of the world's largest
lead-zinc deposits in the Viburnum Trend or "New Lead Belt" of South
East Missouri is rapidly altering the presently non-industrialized and
sparsely populated Ozark environment. The mining development is
located in Reynolds and Iron Counties, approximately 70 miles south east
of Rolla, Missouri (Figure 1). Industrial population is limited to a
north-south belt some 40 miles in length and the streams affected are
in the Black River Basin and among some.of the best water resources in
Missouri. The unusual topography of the area channels the mining
wastewaters into separate stream tributaries. Other streams flowing
into the area from the eastern edge of the drainage basin are not af
fected by the new mining environment. This unusual drainage pattern has
been advantageous in establishing a series of sampling stations on
stream tributaries belov/ the lead-zinc mines in the "New Lead Belt."
Additional sites may be added as the need develops. Control sites have
also-been established on unpolluted streams that will not be affected
by population increases or industrial development. The selected
sampling sites separate pollution effects from individual mines and
also permit the sampling of cumulative effects in the larger streams.
The area drainage pattern, the mines and sampling sites are shown in
Figure 2. This unique situation, combined with the continued develop
ment of the mining industry contributes to the study of streams affected
by the mining environment.

1Assistant Professor of Environmental Health
2Associate Professor of Geochemistry
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FIGURE 1
GENERAL LOCATION OF THE STUDY IN IRON AND REYNOLDS COUNTIES, MO,
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FIGURE 2
LOCATION OF SAMPLING STATIONS IN THE "NEW LEAD BELT" OF S.E. MO
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In order to evaluate the pollution of stream waters, the natural
background concentrations of the investigated constituents should be
known. Natural background conditions rarely exist in critical areas
throughout the world today because of established industrialization and
excessive population density. In most cases old measurements are
usually either non-existent or unreliable, and only recently have ana
lytical procedures been sufficiently improved for accurate analysis.
The necessary collection of much irreplaceable background data has been
carried out in the "New Lead Belt" and baselines established for the
pollution surveys of streams (Wixson, 1968).
Major lead-zinc companies developing mines and mills in the "New
Lead Belt" have rendered valuable assistance in preliminary research
by allowing on site visitations, meeting with key personnel and making
available pertinent information most vital to this study (Figure 3).
All companies have expressed the desire to prevent stream pollution
and develop good pollution abatement programs. This continued assist
ance and cooperation has been promised by the mining companies to aid
in future studies. In this study area, four mines and mills are now
in production. One mine and mill (Fletcher Mine, St. Joseph Lead Co.)
has greatly assisted by providing samples and amounts of reagents used
for separating and concentrating the lead, zinc, and copper by the
flotation process. This has allowed the development of research and
measurement techniques for specific compounds or decomposition products
which may cause pollution problems in receiving streams. The small area
being polluted at the present time serves as an indicator of future
environmental changes that may occur with the development of new mines.
Milling reagents used by different mining companies may vary but the
effects on the water quality and stream biota will be similar.
METHODS
Copper, lead and zinc were determined by atomic absorption spectro
photometry. All three elements were present at concentrations below
instrumental detection limits using standard methods. It was therefore
necessary to develop methods of analysis with sufficient sensitivity to
detect low concentrations of heavy metals.
At the present time copper is determined by a combination of solvent
extraction and atomic absorption. Lead and zinc are determined directly
using the newly developed "sampling boat" technique. These methods
permit detection of the three elements at concentrations below 0.5 ppb
(parts per billion).
Field and laboratory studies were also conducted with the heavy
metals found in mining wastewaters to determine the TLm (median tolerance
limit) and toxic concentrations for bluegill sunfish Lepomis macrochirus.
The Missouri Department of Conservation, Department of Fisheries,
assisted the research by furnishing the necessary bluegill sunfish for
laboratory bioassays. Bee Fork Creek, one of the first streams to receive
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Figure 3.

Students involved in the OWRR research project taking a
water sample from one of the tunnels in Fletcher Mine.
Mr. Stan Blackwell, mine captain at left of picture,
assists group. (Courtesy of St. Joseph Lead Company.)
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tailings from the new lead-zinc mining operations was selected for
intensive study. Results from field measurements and laboratory
toxicity studies were then combined to determine the effects of
separate and mixed metals of lead, zinc and copper (Handler, 1969).
Gill tissue sections, five microns thick, were prepared with a JUNG
model 1130 microtome. Gill sections were stained with a method
suggested by Glick (1958) and modified by Quinn (1968) to make the
heavy metals stand out. A Bausch & Lomb PB-252 microscope with flat
field optics and polaroid camera attachment was then used to take
color photomicrographs to show the effects of lead and copper.
Wastewaters from the mining environment may cause pH changes,
dissolved oxygen deficiencies or other changes in water qualtiy that
may be harmful to aquatic life. With this in mind, certain important
chemical parameters were measured and evaluated. Calcium, magnesium,
and total water hardness were determined in order to characterize the
major constituents of the stream water. The pH of the water was of
interest since it strongly affects precipitation and absorption of heavy
metals in solution and also affects aquatic life. A portable pH meter
was used to determine hydrogen ion concentration and a galvanic cell
oxygen analyzer was employed to determine water temperature and dis
solved oxygen. A field portable water analyzer (Delta Scientific model
260) was used to determine fluorides. Water and biotic grab samples
obtained at the same time were bottled and returned to the laboratory
for the following determinations: turbidity with a Hach model 1860
laboratory turbidimeter; total alkalinity by titration with 0.02
N H^SO, to the phenolphthalein end point; and water hardness as deter
mined By the EDTA titrametric method (Standard Methods, 1965).
Biological samples were collected at the study sites along with
water quality samples. Biological evaluations pertinent to the re
search area included studies of the effects of mining pollution on
bacteria, algae and fish. Since bacteria play an important role as
decomoosers in stream environments, standard plate counts were made
at 20^C to enumerate the numbers of bacterial colonies and compare
population differences between unpolluted and polluted streams.
Filamentous algae were collected and returned to the laboratory for
identification, following the key by Palmer (1962), and further study.
Nonfilamentous algae were collected with the water samples and counted
by means of the millipore filter technique (McNabb, 1960). Confirmatory
photomicrographs were taken for comparison of both types of algae in
polluted and unpolluted streams. Fish from the study area were
collected with water quality changes to study mining effects.
RESULTS AND DISCUSSION
Heavy metal studies indicated that the range of values for copper,
lead and zinc were from 1-20 ppb, eliminating those values which were
from possibly contaminated streams and erroneous analysis. The most
frequently occurring values for all 3 elements were from 4-6 ppb. This
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parameter was used as the normal background.
Figure 4 shows the distribution of copper results from all nonpolluted stations, The distribution curves for lead and zinc are
similar.
The values for copper, lead and zinc in the waters of the Bee
Fork, below the point of confluence with mine and milling waste,
show, on the average, an increase of 2-3 fold over background. The
range of values in this part of the stream was from background to
about 50 ppb.
Toxicity studies indicated that the slightly basic water con
ditions (pH 7.8-8.2) in the "New Lead Belt" would precipitate the
heavy metals in settling ponds at concentrations now contained in the
mining wastewaters. Lead, zinc, and copper were found to precipitate
rapidly in slightly basic (pH 7.4-8.0) water but remain in solution
in slightly acidic (pH 6.0) water. The heavy metals remining in the
acidic solutions were found to penetrate the gill tissues and destroy
the membrane capability for oxygen transfer (Wixson and Handler, 1960).
Copper was found to be the most toxic metal studied. However the con
centrations of heavy metals now present in the tailing discharges were
not found to even approach the limits of acute toxicity to fish or to
present other stream pollution problems at this time.
Certain organic milling reagents were found to contribute to the
stream pollution problem by forming a surface film which assisted in
the growth of bacteria and undesirable mats of blue-green algae
Oscillatoria in receiving streams (Figure 5). Present studies have
indicated that gram negative strptococci bacteria are able to metabolize
the Xanthates for nutrients as shown by Figure 6. This relationship
between the organic milling reagents, the bacteria and the blue-green
algae has caused the growth of large mats in the stream bottoms. Bio
chemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) determin
ations, useful in most pollution surveys, were not applicable in this
research and other methods of measuring the reagent surface film are
now being developed. No significant changes in water quality were
found for dissoNed oxygen, alkalinity, hardness or stream temperature,
hov^ever ongoing studies have indicated that mine wastewaters may be
detected by a higher fluoride concentration (1 ppm) than normally
found in surface stream waters (0.15 ppm).
Conventional methods for evaluating aquatic bottom populations or
usual phytoplankton populations, were found to be meaningless in the
"New Lead Belt" since these populations were essentially unstable or
non-existent due to the scouring action and destructive shifting of
the loose gravel stream bottoms during frequent rainfall runoff. Other
investigators (Clifford, 1966) have noted this destructive action and
pointed out that the use of benthic organisms for water pollution sur
veys (Ingram, Mackenthun and Bartsch, 1966) are not valid for the type
of stream conditions found in south east Missouri.
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Mats of bacteria and blue-green algae Oscillatoria in
stream receiving mining and milling wastewater discharge.
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It is anticipated that additional wastewaters from milling opera
tions will be discharged into the research area streams during the
coming year along with increased amounts of subsurface waters. The
evaluations of which organic or inorganic compounds affects the water
quality and ecological systems, will contribute valuable information
toward protecting other streams and rivers from lead-zinc mining
pollution. This knowledge may also contribute to the substitution
of milling reagents, more efficient wastewater treatment and the
development of strong pollution abatement programs.
Based on the information now available the following recommenda
tions are presented for future stream pollution abatement in the min
ing environment: (1) separation of mine discharge water from milling
wastewater; (2) increased detention time for milling wastewater to allow
more complete biological breakdown; (3) baffling or below surface
water withdrawal from settling ponds to retain surface films of milling
reagents; (4) removal of trees and heavy underbrush from settling
ponds to remove excess organic matter from water; and (5) continued
research to determine an improved treatment of the milling wastewaters
to remove any reagents causing undesirable biological growths.
This study was funded by the U.S. Department of the Interior,
Office of Water Resoruces Research, (A-021-M0) and (B-021-M0).
Grateful appreciation is expressed to St. Joseph Lead Company, the
Missouri Department of Conservation and the Clark National Forest for
their assistance with this research.
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EXTENT, SOURCES, AND CONTROL OF
POLLUTION FROM MINING ACTIVITIES
by
Don L. Warner
Chief of Earth Sciences, Ohio Basin Region
Coordinator of Mining Pollution Control Activities for
Operations, Federal Water Pollution Control Admin.
Cincinnati, Ohio
Water pollution results to some degree from mining operations
throughout the country involving many metallic and non-metal lie minerals
and commodities. Water quality is affected by active surface and under
ground mines and mineral preparation activities. Abandoned underground
mines, unreclaimed surface mined lands, and refuse and tailings piles
that have been discontinued from use may continue to contribute pollu
tants for many years.
According to the U.S. Department of Interior Publication "Surface
Mining and Our Environment" (1967), an estimated 3.2 million acres of
land had been disturbed by surface mining activities in the United States
prior to January 1, 1965. Mine access roads and exploration activities
have affected an additional 320,000 acres. Coal mining has disturbed
41 percent of the total; sand and gravel 26 percent; stone, gold, clay,
phosphate, and iron, together, about 28 percent; and all others about
5 percent. About tv/o-thirds of the disturbed acreage requires some
remedial attention. About 153,000 additional acres of land were dis
turbed in 1964 by surface mining, and a comparable amount is being dis
turbed each year. Surface mining affects v/ater quality primarily
through increased amounts of silt and through acid drainage.
The drainage that originates from within underground mines is the
principal cause of pollution from such mines. This drainage is fre
quently acid in the case of coal mines and also in the case of some
metal mines where sufficient amounts of sulfide minerals occur in the
surrounding rocks. The waste rock or coal refuse extracted during
underground mining and the tailings left from mineral processing may
be disposed in piles that can be sources of highly mineralized drainage.
By far the most significant water pollution problem from mining is
that caused by coal mining in the Appalachian Region coal fields and to
a lesser degree the Illinois basin coal fields (Figure 1). The
Appalachian coal fields as shown in Figure 1 nearly all fall within the
boundaries of the Appalachian- Region as it has been defined by Congress.
Reference in this paper to Appalachia is to the political region, but
for practical purposes statistics given are applicable to the entire
Appalachian coal producing area in Figure 1.
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The extent of stream pollution from coal mine drainage is greatest
in Pennsylvania and West Virginia, and exists to a lesser degree in Ohio,
Maryland and eastern Kentucky. Relatively smaller amounts of stream
miles are affected in Tennessee, Alabama and Virginia. It has recently
been determined that a total 10,500 miles of streams in these Appalachian
States are significantly degraded by pollutants from coal mining activities
About 6,700 miles of these streams are continuously degraded below de
sirable quality levels and the remainder are intermittently affected
(Federal Water Pollution Control Administration, 1969).
The primary pollutants in Appalachian streams are the sulfuric acid
and iron that result from the oxidation of pyrite (Fe$2) that is assoc
iated with the coal. The Sulfuric acid may in turn dissolve other
minerals such as manganese, aluminum and calcium. The sulfuric acid,
iron and other minerals in mine drainage affect water use in various
ways. To many, the most dramatic effects of coal mine drainage pol
lution are in the destruction of fish and other aquatic life and impair
ment to stream appearance that often occur. Acid coal mine drainage
pollution may affect the use of water for municipal and industrial sup
ply by increasing the costs for equipment and for water treatment. An
additional damaging effect is the increased corrosiveness of the pol
luted water to boats, barges, dams, bridges and other structures built
in the streams.
The degree of severity of stream pollution in Appalachia results
from a number of sometimes-complex geologic, topographic, and hydrologic factors, but the four principal reasons are considered to be:
1. The extent of mining. About 75 percent of the total cumulative
coal production in the United States has been from this area. About
75 percent of the present annual production is from Appalachia. Coal
deposits underlie more that 72,000 square miles.
2. The association of relatively large amounts of sulfide minerals
with certain coal beds and the concurrent absence of carbonate minerals
that could neutralize the acid.
3.
The abundant rainfallThe average precipitation is more than
47 inches annually.
4.
The fact that many important coal seams are exposed in hillsides
above stream-level and water that enters mines in these coal seams
drains by gravity into the adjacent streams.
The total number of mines that have been opened in Appalachia is
not known. There are presently about 7,000 operating coal mines in the
Appalachian Region. Approximately 75 percent of present Appalachian
coal production is from underground mines.
Recent field surveys have been made to determine the sources of the
coal mine drainage pollution in Appalachian streams. The surveys were
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carried out principally in the Allegheny, Monongahela, and Susquehanna
River drainage basins, v;hich include about 70 percent of the miles
of Appalachian streams polluted by coal mine drainage. A total of
5,570 sources of pollution were located including 405 active and 5,165
abandoned surface and underground mines, refuse piles, and coal prepara
tion plants. The statistical results of these surveys are given in
Table 1. The table shov/s that, within the areas surveyed, 78 percent
of the acid pollution originates in inactive or abandoned mines and
22 percent in active mines. Underground mines contribute a total of
71 percent of the acid, abandoned underground mines alone discharge
over 50 percent of the acid pollution.
Coal mine drainage pollution similar to that in Appalachia also
occurs in the Illinois basin coal fields of eastern Kentucky, southern
Indiana and southern Illinois. However, many of the coal mines in the
Illinois basin produce little or no water pollution because of the
geologic and topographic characteristics of that area. Coal mine drain
age pollution occurs in areas of other States, including Missouri,
Oklahoma, Kansas, Iowa and Montana.
Acid mine drainage pollution results from the mining of clay and
such metals as copper, zinc, lead, iron, and barium. States with
streams affected by acid drainage from metal mining operations include,
at least, Arkansas, California, Colorado, Maine, Missouri, Montana,
Nevada, Oklahoma, South Dakota, Tennessee and Virginia. In acid waters
from metal mining operations, such toxic elements as arsenic, lead
and copper may be present in concentrations well above desirable limits.
Although acid drainage is the most significant mining pollution
problem nationally, silt pollution and other types of chemical pollution
also occur. Excess silt pollution or turbidity may result from surface
mining, in particular, regardless of the type of commodity extracted.
Every state has surface mining and processing of nonmetal lie minerals
and commodities that causes silt pollution to varying degrees. Placer
mining is a specialized form of surface mining that is of special con
cern in Alaska (Federal Water Pollution Control Administration, 1969-a).
Water quality is presently affected by uranium mill tailings piles
(Federal Water Pollution Control Administration, 1966) and other uran
ium mining and processing operations in the Colorado Mateau area and
the potential for a greater future problem exists. The surface mining
and processing of phosphate has long affected waters in Florida.
This discussion provides a sketch of the extent to v/hich pollution
from mining and mineral processing occurs nationally. What should be
done to abate such stream pollution?
In my view, although a mining operation may be somewhat physically
less consolidated than an industrial operation, it is simply another
type of "factory" and can be considered as such for water pollution
control purposes. This is even more true of mineral processing opera
tions. Pollution from active mining and mineral processing operations
can be handled through proper mining and water handling practices and.
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TABLE 1
Statistical Distribution by Number and Acid Contribution of
Coal Mine Drainage Sources in the Appalachian Region
Source Category
Percent of
Total Sources
Active Sources

Underground
Mines

Surface
Mines

Combination Surface &
Underground Mines

Other
Sources

Total
Percentages

5.0

1.4

0.4

0.5

7.3

Inactive Sources

53.0

27.0

8.4

4.3

92.7

Total

58.0

28.4

8.8

4.8

100.0

Active Sources

18.8

0.9

1.9

0.4

22.0

Inactive Sources

52.5

11.1

7.3

7.1

78.0

Total

71.3

12.0

9.2

7.5

100.0

Percent of
Net Acidity
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if necessary, by treatment of mine drainage and plant process water.
In general, a program for dealing with water pollution from abandon
ed mines and associated sources consists of the following five phases:
1. An initial survey of stream conditions to locate streams
polluted by mine drainage and to determine which watersheds contain
the mines that are contributing the drainage.
2. A detailed examination of the watersheds contributing drain
age, in a priority order, to locate and characterize the individual
mine drainage sources. The objective of this phase is to isolate
principal pollution sources in order to focus corrective measures
on them.
3. The design of a specific pollution abatement program,
by watershed, in priority order based on conditions observed during
the detailed inventory work of phase 2.
4. Implementation of the abatement program, again, in a pri
ority order.
5. Monitoring of the implemented program and continuing con
trol over potential new pollution sources.
As has been described, much work has been done toward completion
of the first two phases of such a program in the coal mining area of
Appalachia. Similar work has been done in smaller problem areas in
other parts of the country. The only substantial effort toward a con
struction program to deal with abandoned mine pollution sources is
being undertaken in Pennsylvania, where $150 million has been allocated
for this purpose. A brief description of Pennsylvania's program for
dealing v/ith pollution from abandoned mines is given in the publication
"Pennsylvania's Ten Year Mine Drainage Pollution Abatement Program for
Abandoned Mines" (Pennsylvania Department of Health, 1968).
Lack of funding is not, however, the only problem that must be
surmounted in abating pollution from abandoned mines. There are significant technical difficulties that must be solved also, particularly
in the case of abandoned underground coal mines. New and improved
approaches to abating acid coal mine drainage pollution are being in
vestigated under research grants and contracts supported by FWPCA. This
research is described elsewhere in the symposium proceedings.
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ACID MINE WATER CONTROL*
by
Ronald D . Hill, Chief
Mine Drainage Pollution Control Activities
Federal Water Pollution Control Administration
Cincinnati, Ohio
INTRODUCTION
The seriousness of water pollution by acid drainage from coal mines
is highlighted by the following figures: In Appalachia during 1966,
more than 6,000 tons of acidity per day were discharged from active and
inactive mines, polluting more than 10,000 miles of streams (1). To find
solutions to the complex problems of acid mine drainage pollution, the
Federal Water Pollution Control Administration (FWPCA) of the U.S. Deptment of the Interior has launched a program to prevent and control this
source of pollution.
FWPCA has initiated a broad research program which includes research
by its own staff and by industry, universities, state agencies, and
research firms, under research and development grants and contracts au
thorized by 1966 amendments to the Federal Water Pollution Control Act.
A summary of all FWPCA mine drainage research and development projects
v/as recently published (2).
The research currently under way can be divided into three broad
categories: (1) mechanisms of pyrite oxidation and mine drainage chem
istry, (2) methods for preventing the formation of mine drainage, and
(3) methods for treating mine drainage. A review of the current status
of each of these areas follows.
MECHANISMS OF MINE DRAINAGE CHEMISTRY
Since the 1920's, various researchers have been attempting to deter
mine the mechanisms involved in the production of mine drainage. In
recent years, a concentrated effort has been made in this area.
It is generally agreed that the initial step in the production of
acid is the oxidation of FeS2 (pyrite) to release ferrous iron, sulfate
and acid (equation a). The rate of this reaction is dependent on the
properties and composition of the pyrite, temperature, pH of the environ
ment, and oxygen concentration. Smith, et al.,(3) have demonstrated that
For presentation, "Mining Environmental Conference," The University of
Missouri-Rolla, Rolla, Missouri, April 16, 1969.
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the reaction rate increased with an increase in pH. Water was found to
be a reaction medium rather than a reactant, and the oxidation rate was
a function of relative saturation in vapor phase oxidation. The rate
at 100 percent saturation was the same as in an aqueous phase oxidation
at the same partial pressure of oxygen. The role, if any, that bacteria
plays in these reactions has not been established. Baker and Wilshire(4)
have also been studying the mechanism of pyrite oxidation.
(a) FeS2 (S) + 7/2 O2 + H2O = 2 SO 4-2 + 2H+ + Fe+2
Following the oxidation of pyrite, the ferrous iron is further
oxidized to the ferric form as shown in equations (b) and (c).
(b)

Fe+2 + 1/4 02 + H+ = Fe+3 + 1/2 H2O

(c)

2 FeS04 + 0 = H2SO4 = Fe 2 (S04)3 + H2O

This reaction has received considerable attention in recent years.(5)
(6 )(7)(8 ) Stumm and Singer(8 ) found that, in "clean" chemical systems in
the pH-region corresponding to conditions encountered in mine drainage
waters, the reaction proceeds relatively slowly (t 50 of approximately
1,000 days) and is independent of pH. However, they found that micro
organisms; inorganic ligands, such as sulfate; soluble metal ions, such
as copper (II), aluminum, and manganese (II); and suspended material with
large surface areas and high absorption capacities, such as clay particles,
catalyzed the oxidation of ferrous iron. Bacteria play a dominant role in
the oxidation of ferrous iron and probably account for the rapid oxidation
noted in mining environments.(9)
Once ferric iron is formed, it may be removed from the pyrite oxida
tion system through hydrolyses as shown in equation (c) and (d), or
remain in the system and further oxidize pyrite as noted in equation (e).
(c)

Fe+3 + 3 H2 O = Fe(0H)3 (s) 3H+

(d)

Fe2 (S04)3 + 6 H2O = 2 Fe(0 H )3 + 3 H2 SO4

(e)

Fe$2 (s) + 14Fe+3 + 8 H2O = 15Fe+2 + 2S04“ 2 + 16H+

The hydrolysis of the ferric iron results in the formation of ferric
sulfate, which readily precipitates at pH's greater than 4, and additional
acid. Thus, the oxidation and hydrolysis of one mole of iron pyrite
ultimately leads to four equivalents of acidity. Stumm and Singer have
studied the kinetics of ferric iron hydrolysis.(8 )
If ferrous iron is oxidized to ferric iron in the presence of
pyrite, the ferric iron will react with the pyrite to release more fer
rous iron and acid, as can be seen from equation (e). Many investigators
(3)(8)(9) have demonstrated that the rate of pyrite oxidation by ferric
iron is much higher than that by oxygen. Thus, pyrite can be oxidized
without the presence of oxygen if a source of ferric iron is available.
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In order for the ferric iron to be present, it must either be carried to
the pyrite site by water movement within the mine environment or be
formed on the pyrite site through the oxidation of ferrous iron. Both
mechanisms probably occur ; however, it would appear that the supply of
ferric iron to the pyrite site would be greater in refuse piles and sur
face mine spoils than in the walls and roof of an underground mine.
Although our understanding of mine drainage chemistry has increased
severalfold recently, there is still much to be learned. This basic know
ledge must be applied to development of methods to prevent acid mine
drainage.
PREVENTION OF MINE DRAINAGE FORMATION
The ultimate mine drainage abatement procedure is the prevention of
the formation of acid mine drainage. Several research projects are being
developed alpng these lines as noted in the succeeding text.
Surface Mines
The surface mining industry has long recognized that pollution from
mine drainage can be reduced by the burial of spoil and refuse bearing
pyrite, the permanent flooding of toxic material, the diversion of water
from mining operations, the rapid removal of that water which gains
access to the mining operation, by proper backfilling of worked-out pits
to cover toxic material and facilitate rapid removal of water and by
revegetation of areas distrubed by mining to prevent erosion. The major
surface mining States currently have laws that require these pollution
control measures and in most cases, the industry is adhering to them.
Our success to date in acid drainage control from surface mining does
not mean that we are not looking for new and better ways to work and
reclaim surface mines to achieve even greater pollution control.
We still have the major problem of preventing pollution from the
"prelaw" abandoned surface mines, refuse piles, and slurry ponds. The
Department of Interior has reported that 2,040,600 acres of surface
mines require reclamation at an estimated cost of 0.75 to 1.2 billion
dollar-s.(10)
Method of reclaiming abandoned surface mines and refuse piles are
being studied. FWPCA has awarded Truax-Traer Coal Company $490,560 to
demonstrate various procedures for reclaiming refuse piles and slurry
lagoons to eliminate acid drainage.(2) The Commonwealth of Pennsylvania
has a number of projects under way to reclaim abandoned surface mines,
for example, at Moraine State Park an estimated 459 acres of abandoned
strip areas will be restored.(11) The remedial program calls for the
use of contour and terrace backfills, soil treatment, diversion ditches,
slope drain flumes, and revegetation. FWPCA will pay part of the cost
to evaluate the effectiveness of these measures.(2)
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The FWPCA has a project near Elkins, West Virginia, which was
designed to demonstrate methods of reclaiming surface mines.(12)(13)
More than 12.5 miles of surface mines were reclaimed at this site. The
construction phase of this project was completed in 1967, and the area
was revegetated in the spring of 1968. Although the water quality of
streams draining the reclaimed mines did not show an immediate improve
ment, there has been a steady improvement since the reclamation was
completed (Table I).
TABLE I
Effect of Surface Mine Reclamation in Watershed RT 8F-1
Acidity (Hot)
CaC03
mg/1
Before Reclamation (Mean)
Minimum Value

pH

Iron
Total
mg/1

199
73

3.0a
3.4b

19
4

290
140

107
145
921C
38
111
95
54
71
83
27
135
89
55
37
94
567d

3.4
3.4
3.4
4.8
3.5
3.3
3.9
3.8
3.6
4.1
3.5
3.5
3.7
4.1
3.5
3.3

28
19
20
6
14
17
8
14
12
0.8
13
10
8
3
9
37

220
220
215
78
180
190
112
140
185
190
175
150
155
135
220
290

Sulfate
mg/1

After Reclamation
Oct.
Nov.
Dec.
Jan.
Feb.
March
April
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.
Jan.
a.
b.
c.
d.

67
67
67
68
68
68
68
68
68
68
68
68
68
68
68
69

Median value
Maximum value
A flush of mine drainage from underground mine occurred
High flow - possible flush from underground mine
Underground Mines

The development of methods for preventing mine drainage pollution
from underground mines is far more difficult than for surface mines.
Preventing water from entering the mine, and the rapid removal of that
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water which does enter the mine have been demonstrated as sound methods
of reducing acid oollution. Permanent flooding of deep mine workings
below drainage has also been found to prevent acid formation. Three pro
jects currently underway will attempt to demonstrate that above-drainage
underground mines can be flooded to reduce acid production. Halliburton
Company has constructed a plug in a drift mine opening by filling a
rubber retainer with grout.(2)(14) Approximately seven feet of head will
develop behind the plug and flood the mine.
They are also developing
other types of bulkhead seals. At Moraine State Park, the Commonwealth
of Pennsylvania (2)(15) is to hydraulically grout seal 53 drift mine
openings and flood the mines. The most ambitious mine flooding project
will be undertaken in the Catawissa Creek Watershed of Pennsylvania, where
a large abandoned anthracite mine will be flooded.(2) Here, the head on
the seal will be several hundred feet. In a separate study, but one
closely aligned with the mine flooding projects, the insitu precipitation
of sludge within a mine to seal leaky areas along the mine outcrop is
being studied.(2) Work on flooding drift mines has just begun, and it
will be several years before the effectiveness of this method will be
known.
Air sealing, a popular practice since the early 1930's for preventing
acid mine drainage pollution, has been the subject of considerable con
troversy. The method is based on the theory that if oxygen is excluded
from the mine, the oxidation of pyrite (equation a) and ferrous iron
(equation b) cannot occur or will be reduced. Shumate and Smith(16) found
that acid production was decreased by only 40 to 50 percent when they
decreased the oxygen concentration to less than two percent by pumping
nitrogen into a mine. They also found that a significant lag time oc
curred betv/een changes in environmental conditions associated with oxygen
concentrations at the reactive site and reflection of these changes in
mine drainage characteristics. Furthermore, they discovered that a
significant amount of air entered a mine through the overburden because
of barometric changes (breathing of mine).
The U. S. Bureau of Mines reported a decrease, but not elimination
in the acid discharge from a sealed mine.(17) Building masonry air
seals at all portals, and filling all other known openings into the mine
resulted only in a decrease in oxygen content to 16 percent.
The FWPCA sealed a mine near Elkins, West Virginia.(13) Table II
shows that the oxygen content in that mine was only reduced to 7.2 percent;
hov/ever, some improvement occurred in the water quality.
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TABLE II
Effectiveness of Mine Seal - Area 24

Oxygen^
Within Mine,
Percent
Before Sealingt> (Mean)
Minimum

--—

Acidity (Hot)
CaC03
mg/1

pH

591 (65)c
438

2.8'i
3.le

93(25) C 1 ,035 (1!
710
48

388
365
325
315
328
332
277
344
382
354
318
360
279
247
269
373

3.1
3.2
3.2
3.1
3.2
3.2
3.3
3.3
3.0
3.2
3.2
3.0
3.2
3.2
3.2
3.3

86
83
87
75
69
77
60
64
81
73
70
74
74
78
66
62

Iron, Sulfate,
mg/1
mg/1

After Sealing
Oct.
Nov.
Dec.
Jan.
Feb.
March
April
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.
Jan.
a.
b.
c.
d.
e.

67
67
67
68
68
68
68
68
68
68
68
68
68
68
68
69

__________

9.1
—

7.8
—

8.8
—

10-.8
—

7.0
—
—

7.2
7.6
—
—

835
770
785
655
700
703
625
620
860
780
665
680
630
660
590
700

Data collected by U.S. Bureau of Mines
March 1964 - August 1967
Number in parenthesis is standard deviation
Median value
Maximum value

These studies demonstrate that acid production from underground
mines can be reduced, but not eliminated, by air sealing. The major
technological difficulty appears to be sealing the mine in such a way
that no air can gain access. Masonry seals at the portals, and the
plugging of other openings into the mine, cannot prevent air from enter
ing in significant amounts.
Air is forced in during barometric changes
In an attempt to overcome the "breathing" problem in a sealed mine,
studies have been initiated on the effect of filling a mine with an in
ert gas and maintaining a slight positive pressure.(2)
Another preventive technique under study is the use of bacterial
inhibiting agents (2) which could result in decreased acid production
by reducing the rate of reactions described in equations (a) and (b).
This study is still in the laboratory stage.
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TREATMENT OF MINE DRAINAGE
In many situations, the only positive acid mine drainage control
technique available is treatment of the discharge. Treatment appears
to be best suited to active mine operations, to abandoned mines v/here
preventive measures are not applicable, and to residual pollution from
preventive methods. A state-of-the-art report concerning mine drainage
treatment has recently been published by FWPCA.(18)
Neutralization
The Commonwealth of Pennsylvania has issued over 263 permits to mining
companies for the construction of neutralization plants for mine drain
age. All but a few of these plants use lime for the neutralization of
the acidity. Where ferrous iron is a problem, aeration is used to con
vert ferrous iron to insoluble ferric hydroxide. The sludge produced by
neutralization-aeration is removed either in a settling pond or basin
and then disposed of in holding ponds or abandoned underground mines.
Major problems with this type of system are the oxidation of the ferrous
iron and the settling and disposal of large volumes of difficult-tohandle sludge. Lime neutralization-aeration is an effective process for
increasing the d H; decreasing the acidity, iron, and aluminum; and re
moving some sulfate. The treated water still contains a high concentra
tion of calcium, magnesium, and sulfate.
Several research projects are in progress to improve the neutraliz
ation-aeration process.(2) As part of this work, limestone, which is
cheaper than lime and produces a faster settling and denser sludge, is
under study. When sufficient reaction time is allowed, and when the
limestone has a high calcium content, and is finely ground (less than
200 mesh) good results are obtained.
Bituminous Coal Research, Incorporated, has been investigating the
use of sulfides to remove iron.(19) The iron is precipitated as ferric
sulfide. Also under investigation are various methods for increasing
the rate of ferrous iron oxidation, such as the use of catalysts.
Biological Treatment
Bacteria may prove of great benefit in the treatment of mine drain
age. Research has shown that bacteria increase the rate of ferrous iron
oxidation. FWPCA has funded a study at Continental Oil Company to eval
uate and demonstrate this process.(2) Dugan, et al.,(20) have demonstrated
that under specific conditions bacteria can reduce sulfate to sulfide,
resulting in an increase in pH, and a decrease in acidity and iron. Con
tinental Oil Company and Syracuse University are studying this procedure
further.(2)
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Other Treatment Methods
Neutralization-aeration treatment of mine drainage removes only
part of the contaminates. If the treated water is to be used for in
dustrial or domestic purposes, hardness and the sulfates must be removed
FWPCA, in cooperation with the Office of Saline Water of the U. S.
Department of the Interior, has been evaluating the use of reverse os
mosis for the treatment of mine drainage.(18) These studies show that
reverse osmosis can produce a high-quality water. Disposal of concen
trated brine material is a major problem.
Ion exchange also appears to have merit in the treatment of mine
drainage.(18) A full-scale ion exchange plant will soon be constructed
by the Commonwealth of Pennsylvania. A feasibility study on the use of
the freezing process is also underway.(2)
A method is available today for the control of acid mine drainagetreatment. It is obvious that this is not the ideal method because it
is a never ending process. However, until preventive methods of de
velopment, and demonstration, it will serve as our primary control
measure. Effort must be placed on developing preventive methods for
underground mines and abandoned surface mines.
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COMMENTS
Mr. Cook: "I would like to throw a couple of dollars and cents into this pic
ture because this is a part of the problem that is going to come up.
We have 500 operating mines in the state of Ohio and that is only a
drop in the bucket to what they have in Pennsylvania, West Virginia,
and Kentucky. So you are talking about a large industry. There are
a lot of abandoned operations. At the present time those are the
obligation of the present land owner but let me give you an example
of what happened in Illinois when Peabody Coal Co. bought an operation
that had been there many years. They are now faced with the problem of
going in there and taking care of the whole problem that they bought.
They bought a problem; this problem will not be solved very cheaply.
I know that in that area of the Saline Pxiver we found one operator that
was in the process of covering abandoned spoil material or abandoned
refuse material with material that was adjacent to it and available
easily and that cost $17.00 an acre. In Perry County, Ohio we have just
completed a project. This one involved some old underground workings
that were there at the turn of the century and are bleeding down into
more recently abandoned operations which were reclaimed, but in order to
go in and do this job it is going to amount to about $900 an acre. And
of course the controlling board in Ohio says, 'why in the world should
we spend $900 an acre to go in and reclaim this when we have not got
any land in this area any where near the amount in value.' They are doing
it to protect other investments."
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DEEP WELL DISPOSAL OF LIQUID MINE WASTES
by
Erie C. Donaldson
Research Chemist, Bartlesville Petroleum Research Center,
Bureau of Mines, U.S. Department of the Interior,
Bartlesville, Oklahoma
ABSTRACT
The Bureau of Mines has investigated the applicability of subsur
face disposal of liquid wastes and has studied two disposal systems
that may be of particular interest to the mining industry. One system
is discharging a sulfuric acid waste solution arising from a leaching
process for the extraction of uranium from ore, while the other disposes
of a highly corrosive waste containing hydrochloric acid, chlorinated
hydrocarbons, chlorine, bromine, and sulfuric acid. In both cases, the
hydrostatic head of the column of fluid in the well is sufficient to
inject the waste. Operation has been interrupted only by maintenance
problems arising from corrosion. Continuous monitoring of the fresh
water aquifers above the disposal formations has shown that after more
than 8 years of operation no waste, or disposal formation water, has
entered the fresh water zones.
INTRODUCTION
Subsurface disposal of concentrated chemical solutions is not a
new process. The petroleum producing industry has been using the
method since about 1920 for disposal of oilfield brine. Beginning
about 1950, a few companies of the chemical processing industry very
cautiously applied the method to a few, difficult, liquid-waste-dis
posal problems, and by 1962 about 30 industrial subsurface disposal
systems were in^ooeration. Since then, the number has increased to
almost 200 (3).-^“
The experience of the petroleum and chemical industries has
shown that subsurface disposal is applicable to any liquid waste.
Concentrated acid wastes, caustics, neutral solutions of salts,
highly toxic organic phosphates, acrolein and chlorides, and concen
trated solutions of other organic compounds are now being injected
into deep geologic formations. This method offers a solution to the
Underlined numbers in parentheses refer to items in the list of
references at the end of this paper.

40

disposal of large volumes of waste obtained from leaching operations
or other concentrated liquid solutions that are kept in lined ponds
to be decreased in volume by evaporation. It also offers an alter
native solution to disposing of large volumes of liquid waste that
must be processed at great expense before they can be discharged into
surface streams. Increasing demands by the general populace for
closer. Government supervision and regulation of industrial waste
discharge into surface waters is making subsurface waste disposal
more attractive.
Each subsurface disposal system is unique because it must be
designed to process a specific waste mixture for injection into a
particular geologic formation having individual characteristics that
dictate the design of the well. However, general principles of design
and construction are applicable to all subsurface injection systems.'
Therefore, this paper is presented in two parts: First, the general
technology of subsurface disposal systems is presented with a few
notations on cost, and second, very detailed discussions are present
ed of two disposal systems that are of particualr interest to the
mining industry.
SURFACE EQUIPMENT
Surface equipment required for a subsurface disposal system de
pends on the volume of the waste and the type of treatment that is
necessary prior to delivery to the waste-disposal well. Regardless
of the simplicity of the system, a storage tank or gravity drainage
sump is used for collection of the waste near the site of the disposal
well. If the waste is free of suspended solids and is noncorrosive,
the collecting tank, transfer pipes, injection pump, and controls may
be the only required surface equipment. There are a few such installa
tions, but generally additional equipment is necessary.
Wastes containing large amounts of suspended solids, such as
mining tailings, are first treated by sedimentation. Cement or
lined ponds {6) equipped with baffles and rakes or commercial
flocculation and sedimentation units are used to remove the larger
particles. Sedimentation must be followed by efficient filtration
because plugging of the formation by solids in the waste is a major
source of operational failure in a disposal system.
Filtration is usually carried out in two stages, as shown in Fig
ure 1. First, a large leaf filter may be used for rapid separation
of particles; then the waste is pumped to a storage tank before in
jection. Second, a "polishing" filter is connected to the high-pressure
outlet of the injection pump. This filter usually consists of cartridgetype, high-pressure filters that retain particles larger than 15 microns
in diameter. To prevent blinding of the polishing filter and for easy
element cleaning by backwashing, the filters are precoated with a
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FIGURE I.-S u rfa c e Equipment used in Subsurface Water Disposal
Systems .
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filter aid such as diatomaceous earth.
A chemical treater controls corrosion of surface equipment and
helps to prevent plugging of the underground- disposal formation by
insoluble corrosion products. This treater is equipped with volumetric
controls for adding a commercial inhibitor to the waste solution as
it enters the collecting tank. Occasionally a liquid waste product
outside of a specific pH range will form prec ipitates, and then a
chemical treater is used for constant pH moni toring and adjustment,
The pH controls are equipped with an automati c shutdown and alarm
system for wastes having pH's outside of the safe operating range.
The waste is contained in a clear-waste tank before injection.
This tank is equipped with a 1iquid-level-sensing device that will
turn off the injection pump when the fluid in the tank reaches a minimim level.
The size and type of injection pump is governed by the wellhead
pressure, the volume of fluid, and the necessary rate of injection
at peak loads. A few installations require no injection pump because
the hydrostatic pressure of the column of waste in the disposal well
exerts sufficient pressure at the subsurface face of the formation
to inject the waste. If the well head pressure for waste injection
is less than 150 psi, simple single-stage centrifugal pumps can be
used, but at higher pressures multiplex piston-type or multistage
centrifugal pumps are needed. Hence, selection of an injection pump
must be delayed until the disposal well is ready for operation and
pumping tests can be made.
Some requirements for surface equipment and pretreatment of waste
can be determined by testing of the waste and the water of the disposal
formation. Such tests can indicate compatibility of the formation
water and waste and dictate the treatment required. But, even though
it is possible to run laboratory tests of compatibility, it is very
difficult to duplicate conditions as they exist in the subsurface. A
laboratory mixture of the two fluids that apparently is satisfactory
may be incompatible in the subsurface. The opposite may also be true.
Bernard (J_) made some studies by pumping water solutions into sandstone
samples that contained incompatible interstitial solutions. He did
not observe a decrese in permeability that would have indicated plug
ging. No solution has been provided for the problem of incompatibility
of wastes with formation water. Chemical analysis can reveal the areas
of possible difficulties that can be corrected by chemical or physical
treatment of the waste. If treatment is too costly or a mixture of
the waste and formation water produces copious precipitates, a large
volume of fresh water can be injected ahead of the waste to act as a
buffer between the waste and the interstitial water.
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DISPOSAL WELL DESIGN
A waste disposal well must be designed for complete protection of
the fresh water aquifers through which the well is drilled. Generally,
a 15-inch=diameter hole is drilled to a depth of 200 feet below the
deepest fresh water aquifer encountered. Surface casing, shown in
Figure 2, with an outside diameter of about 10 inches is then run to
the bottom of the hole, leaving a 2 1/2-inch annulus between the casing
and the wall of the drill-hole which is filled with cement. This pro
cedure effectively seals off the fresh water aquifers.
After cement around the surface casing has set, drilling is continued
with a 9-inch=diameter bit to the top of a potential disposal formation.
Cores of the disposal zone are cut for laboratory examination, and the
hole is logged. A caliper log graphically portrays the diameter of the
hole throughout its entire depth. An electric log indicating the loca
tion of aquifers is made by tracing the resistance to an electric
current as the tool is raised in the well. When a suitable disposal
formation is selected, a 7-Inch OD casing, called the injection casing,
is installed, and cement is circulated to the surface in the annulus
between the casing and the wellbore, as shown in Figure 2.
The well is completed in the disposal zone in one of many methods
that depends upon the nature of the formation, the waste intended for
disposal, and accepted drilling practices within the area. Three of the
most frequently used completion methods are illustrated in Figure 3.
If the formation is friable, indicating that the wellbore may have
a tendency to cave and fill the bottom of the hole, cased-hole completion
(Figure 3A) would provide positive support for the wellbore walls. For
this type of completion, the hole is drilled to the bottom of the dis
posal formation, casing is set, and cement is circulated to the surface.
The most permeable zones of the formation are then perforated by shotor jet-type tool.
If the disposal zone is a hard consolidated sandstone or a vugular
carbonate formation, an open-hole completion (Figure 3B) may be used.
Casing is set at the top of the disposal formation and cemented to the
surface. Then an open hole is drilled to the bottom of the disposal
zone. Open-hole completion is also used when very corrosive wastes are
to be injected, because products from corrosion of the casing at the
disposal zone may plug the formation. Corrosion will also result in
crumbling of the cemented portion of the casing adjacent to the dis
posal zone filling the hole with debris, thus diminishing the efficiency
of waste injection.
The third general type of completion, gravel pack (Figure 3C), is
used in unconsolidated sands to prevent sand from filling the bottom
section of the injection casing or tubing which would restrict the flow
of the waste solution. One way of gravel packing is to pump graded
sizes of sand in a brine carrier into the formation. The sands and
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gravel pack together at the bottom of the casing to form a tortuous path
for sand moving toward the well casing. The formation sand jams and
movement stops, similar to the action of fine particles on a precoat
filter. Space for unrestricted liquid flow is left between the grains
of sand and gravel.
In a few cases, the waste has been injected through the injection
casing, but this practice is not advisable even with plastic-coated pipe,
Assurance against pinholes in the plastic coating cannot be guaranteed,
and corrosion could destroy the most expensive portion of the disposal
system, the injection casing, markedly decreasing the life of the instal
lation. Protection of the injection casing is best afforded by using
an injection tubing string inside of the casing. The tubing strings are
sometimes made of corrosive resistant metal alloys, but the most popular
material is a fiberglass-epoxy tubing because of its high resistance to
corrosive materials and its light weight. Usually a packer is installed
at the bottom of the long string of tubing in the annulus between the
casing and tubing (Figure 3). Additional protection of the injection
casing is afforded by filling the annulus with oil and monitoring the
pressure for immediate indication of leak in the injection tubing.
WELL STIMULATION
During well completion, the face of the formation is cleaned of
drilling mud, and pumping tests are conducted to determine the flow
rate and pressure characteristics of the well. If high wellhead pres
sures (greater than 500 psi) are required for injection of the v/aste,
acid treatment of the formation or hydraulic fracturing may be con
sidered for decreasing the pressure requirements.
Acidizing is accomplished by injecting hydrochloric acid containing
a corrosion inhibitor. Carbonate salts and other minerals are dis
solved by the acid increasing the effective permeability of the formation
near the wellbore.
Hydraulic fracturing, induced by pumping liquid in at high pressure
until the strata are ruptured, produces cracks in the formation ex
tending outward from the well. When the fractures are formed, prop
ping agents such as sand or glass beads are pumped into the cracks to
keep them open. Fracturing increases the effective area of the wellbore
in the disposal formation, thus reducing the pressure required for
injection.
Acidizing and fracturing are also used to stimulate injection into
old disposal wells that have become plugged by corrosion products or by
suspended solids in the waste.
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CHARACTERISTICS OF SUBSURFACE FORMATIONS
A subsurface disposal system can be successful only if a porous,
permeable formation of wide areal extent is available at sufficient
depth to insure safety in storage and retention of the injected fluids.
An impermeable zone, such as shale or evaporite, must overlie the in
jection horizon to prevent vertical migration of the wastes or displaced
formation brines into fresh water aquifers or even to the surface
(Figure 4). It is also desirable to have an impermeable zone underlie
the disposal formation.
If the density of the waste is significantly less than that of the
formation brine, an anticlinal structure (Figure 4A) would be better
suited for storage of the waste. The reverse is true if the density
of the v/aste is greater than that of the brine (Figure 4B).
Natural formation waters are displaced by the injected fluids.
Therefore, if no provision is made for withdrawal of brines from a con
fined disposal formation, the life of the disposal system will depend
on the amount of space that can be made available for waste storage
by compression of the interstitial fluids (gas and brine) and the rock
matrix. The reservoir pressure would gradually build to a point where
continued injection would be inadvisable because of possibly fracturing
the confining strata. However, of the disposal installations that were
studied in detail (^), no limitations of fluid injection were experienced
due to excessive pressure caused by fluid confinement. Many of these
systems have been in constant use for 15 years, with only mechanical
failures that were easily corrected.
The porosity and bulk volume of a confined formation determine the
total quantity of fluid that can be stored. The permeability and verti
cal thickness of the formation and the viscosity of the waste determine
the injection pressure for any given rate of flov/. The term permeability
can be thought of as a measure of the ease with which a fluid will flow
through a porous medium. Darcy's law relates the variables that effect
permeabi1it y :
K = (u) (L/A) (Q/a P)
1 darcy = (cp) (cm/sq cm) (ml/sec/atm)

laboratory units

= 1.127 (cp) (ft/sq ft) (bbl/day/psi) engineering units
where K = the permeability expressed in millidarcies (a darcy is such
a large measurement that, for practical applications, the millidarcy is
most commonly used), u = the viscosity of the fluid in centipoises,
L = the length of the porous medium under a differential pressure, a P,
A = the area of the porous medium at the point of injection, and Q =
the volume rate of fluid entering the porous medium.
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FIGURE 4-A .-Anticline for Injection of
Low Density Waste .

FIGURE 4-B .-Syncline for Injection of
High Density Waste .
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For continuous, trouble-free operation, a formation permeability
greater than 25 md is desirable. Below 25 md, the pressure requirements
may be too great and the formation may become plugged by fine suspended
solids in the waste, or by small amounts of corrosion products that may
be generated within the disposal system, or by precipitates formed with
in the formation. At higher permeabilities, these problems still exist
but are less severe.
A consolidated sand core can be examined quantitatively in a labora
tory and the zones of highest permeability can readily be selected.
Electric and acoustic logs of the formation can also be used to find the
best zones to be perforated.
The permeability of a vugular carbonate or an unconsolidated sand
cannot be determined in a laboratory. The vugs of carbonate formations
are so diverse in size and shape, ranging from microscopic pinholes to
vugs the size of a pencil, that any core sample is unsuitable for a
quantitative representative measurement. However, a qualitative esti
mate of the suitability of the formation for disposal of wastes can be
made by visual inspection of the core and by pumping tests into the
formation after completion of the well. The permeability of an uncon
solidated sand cannot be determined accurately because it varies with
the degree and method of compaction, and it is impossible to duplicate
the subsurface conditions in a small laboratory sample. However, both a
carbonate rock with large vugs and an unconsolidated sand will have high
permeability, and the only precaution that must be taken regarding the
formation is the design of the bottom-hole completion for trouble-free
operati on.
COSTS
The cost of preinjection treatment will depend upon the pH of the
waste, whether the waste forms precipitates at some pH's, the size
and amount of suspended solids, the corrosiveness of the waste, and also
the physical and chemical characteristics of the disposal formation.
Hence, without an analysis of the waste and some geologic data, no cost
estimate can be made for the surface equipment.
Completion costs of the waste-disposal well are difficult to evaluate
because the cost per foot of depth increases v/ith the depth of the well,
and rates vary in different parts of the country. Generally, the cost
of well comoletion is $10 per foot to a depth of 2,000 feet, increasing
to about $20 per foot at a depth of 8,000 feet (5^).
A survey in 1961 (^) showed that the total cost of waste disposal
installations ranged from $30,000 for a system without surface equipment
for pretreatment of the waste to $1,400,000 for one with elaborate equip
ment and a well 12,000 feet deep. A general estimate was as follows:
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Well specifications:
Depth of well ................
Surface casing, 200 feet......
Injection casing, 3,000 feet ..
Tubing, 3,000 feet............
Completion method ............

3,000 feet
10 1/2-inch OD
7-inch OD
2 3/8-inch OD
Casing perforations at disposal zone

Drilling costs: Drilling of hole, drilling mud, coring,
cementing, perforating, logging, drill stem test, and
well stimulation ......................................... $30,000
Materials: Surface casing, injection casing, tubing, and
wellhead..................................................

20,000

Testing: Analysis of waste, core, and brine; injectivity
surveys ..................................................

5,000

Engineering and consulting ................................

15,000

Surface equipment .......................................... 125,000
Monitor well - 1 ,000 feet deep ............................

5,000

Total ................................................. $200,000
One of the companies interviewed for the survey gave a detailed cost
breakdown of its system. Although the company must be anonymous, the
itemized cost analysis provided a guideline for the capital costs that are
involved. The design of this installation is shown in Figure 5, and a
complete description of the system is presented later as Company A.
Drilling cost:
Rig transportation and location preparation ............... $13,400
73,200
Drilling and coring of 7 7/8-inch hole, 2,066 ft...........
Drill stem tests, swabbing and logging......................
28,800
Reaming operations ......................................... 12,500
Casing (surface and injection).............................. 53,000
Perforating and fracturing ................................. 35,600
Plastic liner .............................................. 21,200
Stainless-steel liner.......................................
19,400
Acidizing...................................................
3,300
TOTAL COST OF WELL COMPLETION........................
$260,400
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FIGURE 5 . - Surface Equipment - Company A.
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Testing cost:
Analyses of core, water, logs and drill stem tests ...... $15,300
Pump-out test ........................................... 15,700
Consulting, spinner surveys after 90 days of operation... 73,400
TOTAL COST OF TESTING ...................................$104,400
Cost of surface installations:
Decanter ................................................ 20,900
Filter plant ............................................ 98,700
Pipeline, 7,400 feet of rubber-lined, 12-inch pipe...... 73,000
Fresh water monitoring well, 628 feet deep..............
4,600
TOTAL COST OF SURFACE EQUIPMENT......................... $197,200
TOTAL COST OF DISPOSAL SYSTEM .......................... $562,000
Veir (^) gives comparative costs of a disposal well and a biological
treatment plant of Celanese Chemical Co in Bay City, Texas. Veir estimated that an injection well would save the company $110,000 per year
it it were used instead of a biological treatment unit. His cost breakdown is listed below:

Capital cost:

Biological system
$140,000

Operating costs, per year:
11,400
Power costs.....................
Waste neutralization costs ..... 119,500
Filter element replacements.....
—
Nutrient costs..................
28,100
Dilution water .................
6,600
Labor ...........................
7,500
Maintenance (3.5% of capital)....
4,900
Depreciation (10% of capital).... 14,000
TOTAL COSTS PER YEAR
$192,000
Differential capital cost ........

160,000

Gross operating cost savings .....

110,000

Direct earnings rate on incremental
disposal well system capital....

69%

Payout period, years..............

2.2

Deep well system
$300,000
13,100
16,800
1,400
10,200
10,500
30,000
$82,000
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The large difference in costs between those of Company A and the
Celanese Chemical Co. Emphasizes the fact that an accurate estimate of
costs can be made only after detailed studies of the individual charac
teristics of the waste, local geology, and local drilling practices are
available.
INDIVIDUAL DEEP WELL DISPOSAL SYSTEMS
Two subsurface disposal systems have been selected for detailed
discussion that have wastes relevant to mining operations. The com
panies have been labeled Company A and Company B. Data presented were
secured during discussions with managers and engineers and inspections
of the disposal systems. Most of the details of design, construction,
operation, and maintenance were obtained and have been presented as
completely as possible.
Company A
Waste
Comoany A processes uranium sandstone ore by leaching the ore with
sulfuric acid, followed by ion exchange to recover the uranium. The
major constituents of the waste solution from this process are the chlo
ride and sulfate salts of sodium, calcium, iron, and magnesium (detailed
analysis of the waste and formation water are given in Table 1). The
waste is a low-level radioactive fluid containing small amounts of
uranium-natural, radium-226, and thorium-230; gross alpha emission of
the waste is 3.42 x 10"4 yc/ml.
Neutralization of the waste causes precipitation of thorium-230,
calcium sulfate, and ferric hydroxide. Although laboratory pumping
tests of the waste through samples of the formation showed that 1 cubic
foot of sandstone would neutralize 390 gallons of wastes from a pH of
2.8 to 7.0, no loss in permeability of the core samples occurred. On
the basis of results from these tests, no attempt was made to neutralize
the waste prior to injection, and no difficulties directly attributable
to precipitation within the disposal formation have been encountered
since routine injection of the filtered waste was started in December
1960.
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TABLE 1 .--Chemical analyses of disposal formation water
and liquid waste of Company A

Chemical analysis

Formation
water,
ppm

Injection
water,
ppm

Sodium ..................

414

1 ,206

Magnesium ...............

157

411

Calcium .................

592

677

Manganese ...............

378

Total iron ............. .

17

439

Chloride ............... .

304

1 ,725

2,270

8,332

Sulfate ................ ....
Nitrate ................ .

130

Total solids ........... ....

4,060

16,243

Conductance, microhms ...

5,400

19,000

pH

7.3

2.8

Surface Equipment
The concentrated waste leaving the uranium mill is discharged into
a pond that has approximately 25,000 square yeards of surface area. The
pond serves as a sedimentation basin having a very long retention time
for accumulation of tailings from the mill. Solar evaporation of the
water from the pond is not sufficient for adequate disposal of the liq
uid portion of the waste. Because a larger pond was considered undesir
able, the company turned to subsurface disposal of the waste as a supple
ment to the pond.
To maintain entrained solids at a minimum, a decanter consisting of
a wooden box 4 by 120 feet was erected in the tailing pond adjacent to
the filtering and pumping station (Figure 5). The decanted water is
pumped to one of two leaf filters that are used alternately for removal
of suspended solids. Diatomaceous earth is added to the waste as an
aid to filtration; in addition, the filter feed is treated continuously
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with 20 ppm of sodium polyphosphate to retard precipitation of calcium
sulfate and with 4ppm of copper sulfate to control the growth of micro
organisms. All filter, pump, and pipeline equipment is either rubberlined or made of stainless steel.
The filtered waste is discharged into a 300-gallon surge tank from
which it is pumped 1.4 miles through a 12-inch rubber-lined pipeline
to the disposal wel1. The hydrostatic head of the waste provides an
injection rate as high as 600 gallons per minute; the average flow rate
of waste being injected continuously is 400 gallons per minute.
Disposal Well Design and Geology
A 200-foot-thick fresh water aquifer which is used extensively by
municipal, industrial, and agriciiltural interests in the area was found
at a depth of 400 feet. Drilling was continued through the aquifer and
130 feet into an anhydrite formation. The 7- 7/8-inch hole was then
reamed to a diameter of 17-1/4 inches and 13-3/8-inch OD, 48 pounds per
foot, seamless, steel casing was run and cemented to the surface to seal
off the fresh water aquifer (Figure 6).
Drilling was then continued with a 7-3/4-inch bit until granite was
encountered at 2,510 feet. A total of 2,066 feet of core was cut for
laboratory analysis during the drilling, and logs of the well below the
surface casing were taken.
An evaporite zone extending from 580 to 940 feet afforded a thick,
impermeable barrier to the migration of fluids from the formations below
it into the fresh water aquifer. This zones contained three anhydrite
beds and two limestone beds which were interbedded with dense red
shales and siltstones that contained large amounts of gypsum.
Below the evaporite zone, from 940 to 1,410 feet in depth, an
interval of fine-grained sandstones with a samll amount of interbed
ding of siltstone and shale was encountered. Careful analysis of
several hundred cores from this section indicated the depths of the more
permeable zones that had an average permeability of 105 md and porosity
of 17 percent. Since this sandstone had adequate permeability and was
capped by 360 feet of an impermeable evaporite formation, it was
selected for the disposal of the waste.
Below the disposal formation, from 1,410 to about 1,850 feet in
depth, the lithology consisted of dark red siltstones separated oc
casionally by thin, coarse-grained sandstone; and from 1,850 feet to
the top of the granite gneiss, there was a fossi1iferous limestone
interspersed with fine-grained elastics.
The original hole, below the surface casing, was reamed to 11 inches
in diameter to a depth of 1,830 feet and 8-5/8-inch-OD, 32-pound-per-foot,

56

Depth,feet
-

0

200

400
Fresh w a t e r sand

600

> Evapor i te

zone

800

<
1,000

1,200

1,400

Srz

r. r

1,600

-----

\ Disposal f o r m a t i o n
f fine - gra i ned sandstone,
gun p e r f o r a t e d

J

\ S i l t s t o n e , sandstone

1,8 00

Limestone

2,000
2,5 I 0
’

\ „
> Gra ni te

FIGURE 6 . “ Disposal Well Design and Geology - Compan y A

57

seamless steel casing was run to this depth. The hole below 1,830 feet
was plugged with cement which was also circulated to the surface in the
annulus between the injection casing and the hole. To protect the
injection casing from corrosion by the acid waste, and internal bakedon coating of phenolic plastic 8 mils thick was used.
All of the potential disposal zones, as determined by examination
of cores and logs, were perforated with bullets that make a hole 9/16
inch in diameter. The formation was then hydraulically fractured, and
a closely observed test injection of the waste was conducted for 90
days. After the 90-day test, inspection of the well revealed that the
acid waste had begun to corrode the 8-5/8-inch injection casing at
places where the plastic coating had been damaged by work done inside
of the casing during and after installation.
To protect the injection casing from corrosion, an attempt was made
to fabricate a line from 7-inch-OD, 1/4-inch-thick ABS (acrylonitrilebutadiene-styrene) plastic pipe. However, when an attempt was made to
cement the plastic pipe in place, it ruptured at several locations and
had to be removed. Another liner was constructed of type 316, schedule
10, welded seam, stainless steel pipe with an OD of 6-5/8 inches.
This was installed to a depth of 905 feet, and cement was circulated to
the surface in the annulus between the liner and the injection casing.
After the cement had set, the equipment used in cementing the liner
was removed, and the disposal well was placed in operation.
Fresh Water Monitoring Program
A monitor well 300 feet away from the disposal well in the direction
of the hydraulic gradient was completed in the fresh water aquifer.
Water samples from this well are analyzed weekly for chemical content
and semi-annually for radioactive content to detect any migration of
waste that might occur near the disposal well where the reservoir pres
sure is greatest.
A regional monitoring program of fresh water sources within an
area of about 200 square miles is also conducted. Fifty water sources
are sampled and analyzed for chemical and radioactive contents at
scheduled intervals.
Operations of the Disposal System
Corrosion of equipment has been the major source of operational
difficulties. The sump pumps that were originally installed were made
of rubber-lined carbon steel; however, the rubber lining could not
withstand errosion from the suspended solids present in the waste, and
as soon as the lining was destroyed, corrosion of the metallic parts
in contact with the fluid would ruin the pump impellers and casing. The
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sump pumps were therefore replaced with pumps made of type 316 stainless
steel, and the well delivery pump was also changed from rubber-lined
carbon steel to stainless.
The rubber lining of the 12-inch delivery pipe was damaged at a
flange connection. Fluid entering the annulus between the rubber lining
and pipe corroded the pipe to the extent that it became necessary to re
place a 100-foot damaged section. When the corroded section of the
delivery pipe was replaced, a 1/8-inch-thick layer of fungus coating the
rubber lining was discovered. This discovery explained, in part, a slow
decrease in injectivity that had been observed for 12 months. A treat
ment was commenced with 3 barrels of formaldehyde for control. The
formaldehyde treatment was continued until a more economical fungicide
was found.
Severe losses of injectivity were also caused by corrosion of the
injection casing below the stainless-steel liner. Caving and sloughing
of this casing have caused restrictions to the flow of waste through
the wellbore. Remedial work on the well was required to remove the
obstructions and clean the well of products of corrosion.
The original objective of the disposal well was attained. The
tailing pond is kept as small as practicable by use of the disposal
well, and this in turn keeps seepage losses at a minimum.
Company B
Waste
Although this is a chemical manufacturing company, it was selected
for detailed presentation because a part of the waste does originate
from mining operations. The remainder is a highly corrosive hydrochloric
acid waste that may be encountered in leaching operations or in the pro
cessing of mined minerals.
The plant operation can be divided into three distinct parts which
are interdependent for overall economic operation: (1) Mining, brine
purification, and disposal of tailings into a shallow well; (2) inorganic
preparations where the brine is electrolyzed to produce hydrogen, chlo
rine, and sodium hydroxide; and (3) the organic division which uses
large quantities of chlorine for the chlorination of methane, ethane,
propane, benzene, phenol, and acetic acid.
Mined salt is diluted with water and treated for removal of mag
nesium and magnesium hydroxide. The magnesium hydroxide is diluted with
water, acidified to insure solution, and then saturated with salt to
form a waste stream amounting to 200 gallons per minute which is inject
ed into a 400-foot-deep well. This well is bottomed into a porous
section of a salt formation. The waste is saturated with salt before
disposal to prevent it from dissolving formation salt and forming caverns
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The electrolytic process waste as follows:
1. Sulfuric acid, used to remove water from the hydrogen and chlo
rine. The "spent" sulfuric acid from hydrogen and chloring drying
is sold whenever it can be marketed or is discharged into a pond for
partial neutralization and dilution before entering the sump (Figure 7).
2. Bromine, a contaminant of the chlorine. The chlorine is purified
by liquefying the gas stream and then distilling it. The bottoms from
the still containing about 75 percent bromine and 25 percent chlorine
are treated with caustic and discharged to the sump. There is no market
for the impure bromine produced in this plant, and the amount present
is too small to allow economic purification for sale; therefore, this
waste is a constant constituent of the varying waste mixture going to
the deep disposal well.
3.

Chlorine-saturated water from the electrolytic cells.

4. Wash water from tank cars (for transportation of caustic and
chlorine) and from the chlorine concentrating plant and electrolytic
cells, which are washed every 72 hours to remove accumulated salt
cake from the vessels.
In the preparation of chlorinated hydrocarbons, large quantities
of hydrogen chloride are made as a byproduct. The hydrogen chloride
is sold as an anhydrous product or as various grades of hydrochloric
acid, but the market for this product fluctuates over wide extremes.
Because the storage capacity at the plant is limited, there are periods
of operation when large excesses of hydrogen chloride must be disposed
as a waste product, causing a pH change of the waste collected in the
sump from 9 to 1 and back again to 9 within 24 hours.
Besides these waste streams, the water from rainfall is trapped
and channeled into the subsurface waste disposal system. This is done
because of the high concentration of salts, caustic, and acids that
are present on the ground in the plant from spills in the inorganic
plant area and loading platforms.
Surface Equipment
The layout and size of the surface equipment is illustrated in
Figure 7. During normal operation, waste from the various plant
streams enters the sump where a portion of suspended solids are re
moved by passages of the waste over two weirs. The flow of waste
from the sump to the well is governed by two automatic throttling
valves and an air-bubble, liquid-level, sensing device that opens
first one valve and then the other if the level of the waste in the
sump exceeds a preset maximum. When the liquid level in the sump
reaches a preset minimum, the control circuit will shut both valves
preventing air from entering the well.
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FIGURE 7 . -Surface Equipment-Company B.
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A 6-inch, steel-jacketed, polyethylene pipe is used for delivery
of the waste from the control vlave to the wellhead. The pipe is
steel jacketed to protect it from the detrimental effect of water
hammer. When the well is shut down for repair, the waste is accum
ulated in an asphalt-lined retention pond that is capable of holding
an 8-day waste effluent under normal operating conditions. If the
well is inoperable for more than 8 days, the units producing the
acid waste solution are shut down, and the neutral solutions are
handled by the shallow well.
All storm sewers drain into the surface drainage ditch which then
empties into the waste disposal well through a flow-control valve.
Disposal Well Design and Geology
The shallow well (400 feet deep) was completed in 1952 because State
health authorities objected to solar evaporation of waste inorganic
solution from 35 ponds on the plant site. The health authorities suggest
ed a disposal well, and the shallow well was adequate for the waste
produced until 1957, when the size of the inorganic plant was doubled
and the organic division was constructed. Because the waste would
contain varying amounts of organics, as well as hydrochloric acid, per
mission was secured to dispose of the combined inorganic and organic
plant waste by injection into a vugular carbonate formation that was
known to lie at a depth of about 4,000 feet. This would free the
shallow well for disposal of liquid mine wastes and for use in emer
gency.
The deep well was placed in operation in 1957, but 4 years later
it failed to accept the waste. A drilling rig was brought in to rework
the well. The drillers found that the casing was corroded, and that
a large section had collapsed; rejuvenation of the well was hopeless.
The well was plugged with cement, and a second deep well was drilled
150 feet from the first.
The details of design of the shallow well and the first deep dis
posal well were not obtained; therefore, the remainder of this paper
is confined to the second disposal well.
Fresh water sands which are used by farmers and industries in the
area were encountered to a depth of 100 feet. Below the fresh water
aquifers, impermeable layers of shale and limestone (shown in Figure 8)
were fround to a depth of 3,927 feet where a very porous, vugular car
bonate formation containing impotable brine was found. This is a wellknown, very extensive formation underlying two States. The alternating
layers of shale and limestone that overlie the disposal formation furn
ish an excellent cap for protection of the fresh water aquifers.
Design of the disposal well is illustrated in Figure 8. Surface
casing 10-3/4-inch OD, was set to a depth of 395 feet in a 15-inch
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diameter hole, and cement was circulated to the surface in the annulus
between the casing and the wellbore to protect the fresh water-bearing
sands. A 3,965-foot-long string of internally plastic-coated, 7-inchOD casing with a 157-foot section of uncoated 7-inch casing on the
bottom was set and cemented in the 9-inch hole. A total of 48 feet of
the bare casing were perforated with four 1/2-inch-diameter holes per
foot at locations of greatest porosity, determined by visual examina
tion of cores from the vugular carbonate formation.
A string of 4-1/2-inch-OD fibercast tubing was set to 3,994 feet
with a packer at about 3,900 feet. The annulus above the packer was
filled with oil.
The drilling operations were completed without loss of circulation,
indicating that no large solution channel existed between the first
deep disposal well and the new one.
The cost of drilling and completion of the second deep disposal
well was $30,000. Tubing and surface equipment costs were approxi
mately $40,000.
Fresh Water Monitoring Program
Two monitor wells were drilled into the fresh water aquifer. One
is located 1,000 feet from the disposal-wel1, and the other is 1,800
feet from the well along the hydraulic gradient of the fresh water
aquifer. Water from the monitor wells is examined periodically for
chemical composition. If any contamination of the fresh water should
occur, it ought to cause a large increase in the chloride concentration
of the water from the nearest monitor well and then appear in the sec
ond well. No change in the chemical analysis of the fresh water
aquifers has been detected.
Operations of the Disposal System
The annulus between the injection tubing and the injection casing
(Figure 8) is filled with diesel oil. The pressure in the annulus
is monitored with a continuous recorder as well as the wellhead vacuum
in order that a leak can be detected quickly. An operator checks the
operation of the well once every 4 hours. If the operator should note
a drop in annulus pressure, he is under orders to call his supervisor
immediately.
Operation of the seond disposal well was commenced in 1961 with a
caustic waste solution flowing at 300 gpm at a wellhead vacuum and
an annulus pressure of 38 psi. The well operated for 2 days with
continually decreasing flow rates until the tubing vacuum was lost and
flow cound not be maintained. The well was treated with acid waste,
shut in for 24 hours, and then returned to service. The input rate
was again above 300 gpm. The fluid flowing to the well was purposely
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maintained very acid for the next week. Then the full disposal stream
was allowed to enter the basin, and since then the well has accepted the
fluid.
The operation of this chemical plant is completely dependent on
the successful operation of the deep disposal well. The company has
no other way to dispose of this extremely corrosive and chemically
variable waste. The first well was lost because no fluid was main
tained in the annulus between the tubing and injection casing, and
there was no rigid observation of the operation of the well. However,
the second disposal well has been improved in design, and its opera
tion is observed closely. It has met all of the requirements of the
plant for waste disposal and has capacity for handling an increase
in liquid waste that is anticipated from a planned expansion of the
organic division.
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Wednesday, April 16 - Afternoon Session
Dr. Scott: This afternoon's session will be under the direction of
Mr. William Jewell, Vice President of Peabody Coal Company, St. Louis,
Missouri.

LAND RECLAMATION IN THE MINERAL INDUSTRY
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LAND RECLAMATION
by
A. E. Lamm
President
The Pittsburg & Midway Coal Mining Co,
Kansas City, Missouri
ABSTRACT
Environmental quality control has become a new development in the
ever increasing complex of governmental and public interest in our
living and the surroundings in which we live.
It is having its im
pact on all industry, but major attention is being directed to the
extractive and mining industries. The mineral industry also faces the
challenging problem of meeting the needs of a tremendous industrial
expansion which will require wise use of all of our resources, includ
ing land, water, mineral fuels and industrial minerals.
To meet
this challenge, there must be a better understanding of the economic
and social aspects of the expanding demand for minerals and fuels and
the effects of such accelerated demand on the environment. Remarkable
progress has been made with respect to the problem of reclamation, but
environmental science must keep pace with the changing times and
advancing technology. Equipment and methods must be devised to dis
cover and win deeper marginal reserves while maintaining an economic
cost and diligently pursuing the problems of environmental pollution
and the return of the mined land to its highest possible use. A
better understanding of all the problems involved on the part of all
regulating agencies and the mineral industry will greatly enhance the
success of meeting the demands of the industrial expansion and alle
viating the results of mining upon our environment.
LAND RECLAMATION
The quality of our environment, whether it be in air, land or
other aspects of the ecology has become a topic of more general dis
cussion by more people, in more places than any other topic today.
"Environmental Quality Control" has become a new development in the
ever increasing complex of governmental and public interest in our
living and other surroundings in which we live. This growing public
consciousness of environmental quality is having its impact on all
industry but major attention is being directed to the extractive and
mining industries.
Many years ago the mining industry was close to an invisible one
to the general public. Mining was carried on in relatively remote
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areas and the area affected was small in relation to population. Today,
while not quite a suburban industry, mining is being moved constantly
closer to major communities and their areas of interest. The increase
in affluence and leisure time have exposed mining operations to the
critical view of vacationers, home owners, sportsmen, conservationists
and thousands of air travelers who have been increasingly critical of
mining operations, particularly surface mining.
In addition to the serious problem of environmental quality facing
the mineral industry today there is the challenging problem of meeting
the needs of a tremendous industrial expansion. To meet the demands
wise use will have to be made of all of our resources, including land,
water, mineral fuels and industrial minerals. Mining of mineral re
sources will have to accelerate, more exploration will have to be done,
and more progress made in mining technology concerning methods, equip
ment, recovery and production.
To meet this challenge the minerals industry must somehow extend
its resource base. Additional sources of minerals that thus far have
remained untapped must be discovered. More efficient mining methods
must be developed to make low -grade deposits workable. Technology
must be developed so that marginal resources can be made useful,
processing techniques can be improved to increase recovery of mineral
values inherent in mineral deposits, and mineral values may be re
covered from waste. All of these tasks must be accomplished econ
omically and in a manner that will minimize contamination of our en
vironment.
America's resources have made her great. Mankind possesses no
material treasures, no material wealth, except those derived from the
earth itself. All of the accumulated wealth of the world owes its
existence fundamentally to the progress of two great industries, mining
and farming. Without them there is nothing. These activities form
the indispensable physical base from which all other goods are pro
duced. Each bushel of grain, each board foot of lumber, and each
pound of iron, copper, lead or zinc fixes the base upon which other
activities such as manufacturing, transporation, education, recreation
and national defense, rest. These natural resources --food, fiber,
and minerals and the industries upon which they are based, are the
only ones that produce new wealth. All other activities, although
essential and important, are engaged in the refining, finishing,
shaping or modification of these basic three. Two of these, food and
fiber, are renewable. What is used can be replaced by natural growth
of crops or trees. The third, minerals, is non-renewable and, once
used, cannot be replaced unless recycled back into industry through
the use of scrap.
Few people have any conception of the extent to which they are
indebted to the mining and farming industries. I am afraid that the
picture the public has in its mind of the mining industry is one of

70

companies which dig holes, strip vegetation, ruin scenery, pollute air
and water and get rich quick, all with a minimum of effort and no risk
at all. Believe me, this is certainly an erroneous picture.
Although the majority of operators in the minerals industry today
recognize that more attention and work must be devoted to environmental
problems relating to mining, the problem of damage to our environment
by mining has been over-emphasized and magnified. Certain parts of
the active mining operations which are exposed to public view prior to
reclamation give the impression that the damage to the land is more wide
spread and permanent than it actually is.
There are many other important land problems which have been neg
lected and observed while attention has been focused on surface mining.
According to the publication, "Surface Mining and Our Environment,"
issued in June, 1967, by the Department of the Interior, which pro
posed Federal legislation to control surface mining, 3.2 million acres
of land have been disturbed by surface mining since mining began. This
figure includes mining for all minerals and fuel and amounts to four
teen one-hundreths of one percent of the land area of the United States.
The report states that two million acres need some form of reclamation.
Actually the greater share of the reclamation already accomplished has
been done by the coal and phosphate rock industries, and much of it on
a voluntary basis.
Every year in the United States two million acres are gobbled up
by subdivisions, super highways, shopping centers, airports and in
dustrial sites. Land converted to such uses are commandeering highly
productive Agricultural land which will never again be productive. In
most cases, land used for mining is marginal or sub-marginal land
which has been and will be restored to forest, grazing lands, orchards,
wildlife habitat, and recreational areas. According to the Department
of Agriculture there will be a greater need for forest, pasture and
recreational land in 1980 than for cultivatable land.
During some years in the United States more land is covered with
black top for parking lots and permanently ruined for any form of life
than is temporarily withdrawn from our land for mining purposes.
In addition, consider the infinitely greater damage to our land by
bad cropping practices and bad range practices -- insidious, silent,
unexposed to public view. A Department of Agriculture report states
that 1,448,000,000 acres of land- in private agricultural hands,
877,000,000 acres are in need of partial or complete protective and
remedial practices. Again to put things in proper perspective, the
Department of Agriculture, in another report issued in May 1962,
entitled "A Land and Water Resources Policy Guide," states that there
are in the United States 640,000,000 acres of land suitable for reg
ular cultivation and that’ by 1980 we will need 407,000,000 acres for
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cultivated crops, leaving a surplus at that time of 233.000,000 acres.
Contrary to propaganda, we are just not going to run out of cultivatable
land due to surface mining in the United States.
The 140,000 annual acres of marginal agricultural land from which
we get most of our sand, gravel, limestone, iron, cooper, phosphate rock,
lead, gold, molybdenum and other minerals and about one third of our
coal have certainly been given much more dramatic attention for the
deleterious effects of mining than the gain the general public gets from
the utilization and development of these great natural resources. Not
enough concern will be shown over the two million acres of prime agri
cultural land that is permanently being lost each year to megapolis.
Nor is enough attention given to the 877,000,000 acres of land in the
United States that need remedial treatment.
Since 1918, when the first tree was planted by the Indiana Coal
industry, remarkable progress has been made in reclamation work. Years
prior to the enactment of legislation regulating the surface mining of
coal by any states, voluntary reclamation work v/as carried on by res
ponsible companies. Later, these companies formed Reclamation Assoc
iations in a number of states to promote more voluntary reclamation.
In 1963 the Mined Land Conservation Conference was organized for the
purpose of encouraging reclamation on a voluntary basis. These efforts,
along with the efforts of other industry associations and organizations,
on both the national and state level, have resulted in a definite change
in attitude on the part of the surface mining industry concerning
reclamation. Today, with but few exceptions, operators are aware of the
need to reclaim affected areas for some productive use and are making
reclamation a component part of their over-all mining operations.
The Mined Land Conservation Conference, which I served as chairman
from its inception until 1968, reflects the modern coal industry's
awareness of its broad responsibilities to the society it serves. An
affiliate organization of the National Coal Association, it has devoted
its energies to advancing the restoration of mined lands to productive
use. In addition to promulgating a voluntary code of standards for
the industry to follow, it has formed a technical committee composed of
foresters, agronomists, engineers, and soil experts whose services
are available to all segments of the industry to assist in conservation,
soil and water problems in connection with mined lands.
Reclamation is still a relatively new science. The overburden
resulting from surface mining operations does not resemble any type
of soil that has been classified or studied by the agricultural experi
ment stations. The manner and extent of grading and the species of plants
and trees the mined land would support had to be determined by experi
mentation. Individual companies, industry associations, state and
federal agencies. Universities and colleges, and other groups have all
played an important part in developing pertinent information about the
reclamation of land affected by surface mining. This information has
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all been made available to the industry as well as the assistance of
members of technical committees of various industry associations who
are all experienced reclamation specialists.
A1though the knowledge gained by means of years of experience and
research has made it possible today for the industry to do a more
effective job of reclamation, nevertheless, constant and increasing
effort must be made, not only by the mining industry, but all industry
to clear up the air, clean up our water and see that mined land is
reclaimed and restored to its highest possible use. All of these must
be accomplished within the bounds of reasonable economics so that the
constantly increasing demand for minerals and fuels will be met.
Environmental science must keep pace with the changing times and ad
vancing technology.
What were outstanding conservation programs
40 years ago, or even 10 years ago, are not acceptable by today's
standards. Even though the surface coal industry has constantly up
graded its conservation practice and taken great pride in its achieve
ments, further progress is going to have to be made.
To accomplish this goal there is a great need on the part of
governmental agencies, the mineral industry and the general public for
a better understanding of the economic and social aspects of the ex
panding demand for minerals and fuels and the effects of such accel
erated demand on the environment.
Much time and thought has been expended on how to provide food and
fiber for future masses, but not enough attention has been paid to
where the minerals and fuels will come from and how it will affect our
environment. Few people realize that if, as is often postulated, we
try to bring the world up to our standard of living our known reserves
of lead, zinc, and copper would last about five years. The world sup
ply of petroleum would be exhausted in four or five years, and every
year we would have to discover and exhaust twice as much iron ore as
is contained in the Cerro Bolivar iron deporit in Venezuela, the great
est iron ore find of the Twentieth Century. Many other minerals would
be in eaually short supply. While it is unlikely that we will soon
see the rest of the world attain our standard of living, the demand
for minerals is growing at a phenomenal rate.
Geologists and geophysicists are finding it increasingly chal
lenging to discover the minerals and fuels to maintain our necessary
reserve ratio. Discoveries at substantial depth are infinitely more
difficult and costly to discover and to develop than are our present
reserves. We are going to run out of mineral reserves before we run out
of food and fiber, and equipment and methods including reclamation
methods must be developed to make it possible to recover these deeper
reserves within economic limitations. More careful consideration is
going to have to be given to .legislation that will encourage and pro
mote the production of marginal reserves.
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Concurrently, the mineral industry must diligently pursue the prob
lems of environmental quality control and the return of affected land
to its highest possible use.
To achieve the results that are going to
be demanded in the future, the mineral industry must continue research
to develop practices and methods that will enable the industry to do
reclamation more effectively and economically in accordance with estab
lished requirements. The achievement of this end will require some
compromising on the part of regulating agencies and the industry. For
example, experience and research has shown that excessive grading causes
compaction and best results are obtained on mined land on which a
minimum of grading has been done. Many experts in the fields of forrestry, silviculture and agronomy have given testimony in support of the
validity of the situation. However, regardless of the facts established
by research and experience, regulations continue to be formulated with
more extensive grading requirements. As a result, even though it is
contrary to proven good practices, the mineral industry must face the
realization that more grading is going to have to be done and research
will have to be carried on to find ways and methods of successfully
planting graded land.
Equipment will be needed to enable operators to carry on reclamation
work more effectively and economically.
Unfortunately the progress made
in the development of equipment used for the purpose of reclamation of
land affected by surface mining of coal has not kept pace with the
development of equipment used to produce the coal.
The large capacity
machines make it possible to recover coal seams at greater depths and
pit widths making grading more difficult and costly.
Currently, industry
answer to the grading problem has been larger and larger dozers equipped
with blades of increased capacity. There is an urgent need for the
manufacturers of equipment to devote more time and study to the develop
ment of various adoptions of draglines and tower excavators toward the
accomplishment of greater yardage per hour without the disadvantage of
compaction caused by bulldozing. The same ingenuity and engineering skill
that has produced the production equipment in use today should develop
equipment that will make it possible to carry on reclamation work more
effectively at a low cost. Although there have been no major "break
throughs" as yet in the development of new equipment expressly designed
for reclamation there has been a number of adaptations of equipment for
specific earth moving applications. Two recent developments have to do
with dozer blades and dragline buckets such as the Balderson Bowldozer
blade and the Sauerman crescent type scraper dragline bucket.
The engineering aspects of reclaiming lands in mountainous terrain
presents a different problem and is in need of far more attention.
Unstable slopes create tremendous problems including sliding spoils
and silted streams. Present thinking is often in the direction of pro
hibiting mining on areas having more than a certain degree of slope.
This often results in the waste of valuable natural resources. Other'
solutions must be found such as the construction of silt dams and the
development of equipment to prevent and alleviate these conditions.
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It has not been my intent and purpose to take a defensive attitude
in regard to the mineral industry, or to extol the industry, but rather
to attempt to give a realistic picture of the situation facing the mining
industry today v/ith respect to our environment. As the result of the
many years of experience I have had in my industry, it is my firm con
viction that if the coal indstry and the other mineral industries are
going to be able to meet the demands of the projected industrial expan
sion they must not have a negative attitude. The problem of environmental
quality control must be faced v/ith the same spirit of ingenuity, deter
mination and resourcefulness as were the problems of mechanization, tran
sportation and production.
The mineral industry will need engineers capable of understanding
both the economic and social aspects of the expanding demand for minerals
and fuels and the effects of such accelerated demand on the environment.
It will need men whose wisdom, courage and vision can counter nihilistic
attacks and damaging and punative legislation while simultaneously dev
eloping realistic programs to build a better environment. With this
kind of people ways and means can be devised to produce the wealth of
the world through the extraction of minerals and fuels, alleviate the
results of mining upon our environment, and preserve and enhance those
aesthetic values which are also important to man's well-being.
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COMMENTS

QUESTION: Mr. Foresman, you pay some attention to a very critical prob
lem and that is of mineral supply. A problem of mining coming closer
and closer or, vise versa, urbanization coming closer and closer to
mining or mining to the city. Do you have any comments about the prob
lem of the mining industry and zoning authority and particularly, local
zoning jurisdiction, and the difficulty of dealing with those jurisdic
tions when you need to look at a regional or national mineral supply.
REPLY: We don't have too much to do with zoning in the coal industry,
I think the sand and gravel industry does have this problem; and has
had it for quite some time. Personally, for our industry, we have been
faced with this perhaps one or two times and of course this does pose
quite a problem in the industry. Certain ly if we are going to meet this
industrial expansion we are going to have to have this encouragement
through legislation that will enable the industry to recover these
valuable reserves and it is going to take cooperation in the part of all
agencies involved to enable the industry to produce the demand that is
going to be expected of them.
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OPERATION GREEN EARTH
by
Mr. Alten Grandt
Peabody Coal Co.
St. Louis, Missouri
"OPERATION GREEN EARTH" is Peabody Coal Company's program for
developing surface mined lands to usefulness and attractiveness as
quickly as possible. The Land Use and Conservation Department is
staffed with seven professional personnel, combining many years of
practical experience and expertise in reclamation work. This depart
ment has the responsibility for planning and carrying out programs
directed for the best use for each mined area.
"OPERATION GREEN EARTH" does not create new land uses overnight.
Some areas must weather for a period of time before the soil can
support successful growth of trees and other vegetation. Beneficial
results come only after careful professional planning and execution,
together with the passage of time.
Peabody Coal Company's primary business is mining and shipping
coal to be used for the manufacture of steel, automobiles, cement,
textiles, paper and chemicals and in the generation of low-cost
electricity. At the present time, over 67% of our coal goes to elec
tric utilities. The Company has substantial investments in its
properties and contrary to many false comments, we continue to pay
land taxes after mining is completed -- sound reasons for developing
mined lands for useful and productive purposes as promptly as pos
sible. This program is both economically sound and consistent with
Peabody's objective of good community citizenship.
Surface mining is a highly controversial subject. There are many
differences of opinion pro and con among industries, i.e. mining vs.
agriculture, among scientists, yes even among friends. Some opponents
of strip mining have argued that mined land is worthless and forever
lost to any constructuve use. They argue that in every case, water
flowing from these areas into streams, contains minerals which destroy
fish and all other water life for many miles away from its source.
They insist that the land is of no value and is lost to the county as
a tax source. Actual results of "OPERATION GREEN EARTH" and many
other mined land reclamation programs prove the inaccuracy of these
statements. Thousands of acres have been returned both to usefulness
and attractiveness; hundreds of strip mine lakes are supporting fish
life and providing opportunities for swimming, boating and water ski
ing; and Peabody, along with other mine operators, continues to pay
land taxes after mining is completed.
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EXTENT OF SURFACE MINED LANDS
In 1968, under Peabody's "OPERATION GREEN EARTH" revegetation
program, a total of 15,084.1 acres of surface mined lands were seeded
and planted, while only 8,353 acres were mined. This included 5,152.4
acres planted to trees and wildlife food cover; 3,162 pounds of pine
seed seeded on 2,065.0 acres and 8,595.7 acres seeded to legumes and
grasses.
The revegetation program included a total of 3,915,555 trees and
wildlife plants; 3,382 pounds of tree seeds and 185,693 pounds of grasses
and legumes. Listed below is the reclamation work completed in 1968,
broken down by states:

State

Pounds
of Seed

Acres
Seeded

Alabama

0

0

Number
of Trees
3,162
(pine seed)
0

Acres
Planted

Total
Acres

2,965.0

2,965.0

Colorado

3,210

137.0

Oklahoma

6,000

240.0

Illinois

69,447

3,510.2

76,200

119.3

3,629.5

Indiana

22,264

987.5

531,500

778.0

1 ,765.5

Kentucky

41,392

1,779.0

1 ,350,643

1 ,980.0

2,130.0

Missouri

41,800

1,875.0

320,000

457.0

2,332.0

1,580

67.0

1 ,637,212

1,818.1

1,885.1

Ohio

0

0

137.0

0

240.0

In the past thirteen (13) years, Peabody has planted 31 ,853,61
trees and has seeded 729,710 pounds of grasses and legumes in the
process of reclaiming 76,539 acres of mined land. In April, 1967,
the Missouri State Forester, Mr. Osal Capps, was present at the
planting of the one millionth tree seedling on Peabody's mined lands
in Missouri.
Peabody will soon open a new mine in Montana and another in
Arizona. Coal from both mines will be used in the generation of
electricity which provides many of the comforts and conveniences
of modern living. Reclamation - "OPERATION GREEN EARTH" - will be
carried on in these states also.
CHARACTERISTICS OF SOIL MATERIAL OF SURFACE MINED COAL LANDS
Basical ly the chemical, physical and biological properties of the
soil materi a I determines the specific type of reclamation possible.
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After surface mining operations, the soil material is a heterogenous
mass whose physical and chemical properties are dominated by the
character of the geologic strata overlying the coal. These strata
are highly variable in thickness and character. They may include the
surface soil, loess, glacial till, sands, shales, limestone and sand
stone rock. The methods of mining with the several types of mining
equipment will also affect the resultant soil material of the mined
area.
Except for climatic conditions, the potential productivity of
the soil material after mining is largely determined by its acidity,
as generally measured by pH and by its texture, such as sands, clays,
rocks, etc. These two factors, acidity and texture of the soil materials
are used to classify surface mined lands into the basic spoil types.
These factors, in large part, determine the type of use that the land
will be reclaimed for.
At present, the acidity or pH is the most commonly used factor to
decide what species to plant and what survival to expect on various
mined lands. With a pH of 4 or below, hydrogen ions have been thought
to limit plant growth. However, the primary source of toxicity on
highly acid areas appears to be one of the elements or salts brought
into solution by the high acidity rather than the "acidity" itself.
(1) Aluminum and manganese are the toxic elements most limiting to
plant growth on acid spoil. (1)
Every kind of plant is believed to have a most suitable pH range
for its best growth. For example, the optimum pH range for European
Blueberry (Vaccinium myrtillus) is 3.5 to 5.0; for Walnut (Juglans
Nigra) it is 6.0 to 8.0 and for Alfalfa (Medicago sativa) it is 5.5 to
7.5.
With regard to texture or soil particle size, the higher the percentage of soil particles 2 mm and less in size, the greater are the
opportunities for successful reclamation with agronomic species. Also,
the percentage of the various separates -- sands, silt and clay -- are
important in determining the physical proper!tes of the strip mine soil
material. High percentages of clay, finer than .002 mm, often have
detrimental effects, especially if grading is required and trees are to
be planted.
OTHER PLANT NUTRIENTS
Many soil samples have been tested for calcium, phosphorus, potass
ium, boron, etc. Strip mining often brings to the surface a new supply
of these plant food nutrients. Generally, however, nitrogen is com
pletely lacking. Nitrogen is supplied through the legume plants.
Legumes, inoculated with specific cultures of bacteria, fix atmospheric
nitrogen in a symbiotic relationship and supply it to plants in the form
of nitrogenous products.
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GRADING
There is no more controversial subject in the reclamation field
than grading -- degree or type of grading — and the effects of grading
on various spoil types. To many people, even though the surface mined
area is completely revegetated, if the area is not graded, it is not
reclaimed! Under some legislation and regulations, the question is
academic. Grading, usually to a slope that can be traversed by ordin
ary farm equipment, is often required. Grading to achieve a pleasing
appearance (aesthetics) plus the control of pollutional wastes is funddamentally sound. However, in certain spoil types, grading may compact
the soil material so that growth of trees is inferior. Also, grading
so that long slopes are formed causes erosion and siltation problems.
LAND USES OF SURFACE MINED LANDS
It is recognized that there are several possible uses for reclaimed
surface mined land. To date the major land uses are:
(1)
(2)

Pasture or Range Land
Hay and Crop Land

(3)
(4)

Timber or Forest Land
Recreational Use

Other possible uses include horticulture crops and residential
and Industrial sites. As research and experimentation continue, the
list of possible land uses continues to grow.
(1)

Pasture or Range Land Use

Where the chemical and physical properties of the soil material
will produce grasses and legumes, and the soil material is relatively
high in rocks, seeding with pasture species is done. All the ridges
and peaks are topped and access trails are graded across the ridges.
The area is then seeded either by air, a tractor mounted seeder, or by
hand.
The species used, depends upon the fertility of the soil material.
Where the pH is 6.0 or above and the calcium, magnesium, phosphorus
and potassium content is high, a good seeding mixture is Alfalfa 8
pounds, Korean Lespediza 5 pounds, Bromegrass 5 pounds, and Orchardgrass 3 pounds an acre. On the less fertile sites, an area may be
seeded to Korean Lespedeza 12 pounds and Fescue 10 pounds an acre.
Where climate is a major factor, more drouth resistant species are
used such as the Wheat Grasses and the Native Grasses along with
Alfalfa and Sweet Clover.
These topped pastures are then used for grazing by cattle, sheep
or hogs. In Illinois and Indiana especially, our experience has been
that the carrying capacity of these "topped" pastures has been at the
rate of 2 acres per animal unit, with a grazing season of from 6 to 8
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months. Long time records show the average daily gains of yearling
cattle to have been over 1.25 pounds. Some lots of cattle have aver
aged as high as 2.0 pounds per day on surface mined land pastures.
(2)

Hay and Crop Land Use

To utilize the mined land for the harvest of hay, cereal grains and
corn, the mined land must be graded so that farm machinery can traverse
the area. Where the soil fertility is high and physical characteristics
are favorable, excellent Alfalfa hay has been produced. Lespediza
and Crownvetch seed is also combined from such graded areas. Dairy
cattle make excellent use of the graded rolling pastures.
Areas where fertility of the soil justifies cultivation of cereal
or grain crops are exceptional. On the 1imi ted areas in the coal mining
region where soil conditions such as fertility and texture are such
that cereal or grain crops are potential uses, it is advisable to grow
legumes and grasses for at least 10 years before attempting to use
grain crops. Corn especially, planted on freshly mined and graded
lands, has not been successful. Legumes and grasses provide a good
environment for a rapid increase in bacteria. The root penetration
of the deep rooted legumes seems to increase permeability, which
allows better drainage and aeration.
It is difficult
There are tillage problems on most graded lands
to plow with the conventional mold board plow. The chisel type plow
has been fairly successful.
The actual use of the mined lands is important. By organizing the
pasture and hay lands of the mined lands and incorporating surrounding
unmi ned farm land into livestock farm units, the area is leased as a
regular livestock share lease. The unmined lands that do not contain
coal or mineable coal, can be improved and maintained in a high state
of fertility and high land use. These acres produce the feed, primarily
corn, fed to livestock. The graded areas produce the hay for winter
feeding and the "topped" areas produce the forage for summer grazing.
Fences are built and improvements are made. Thus, the mined land and
the surrounding farm land can be incorporated into a well organized
farm unit capable of concentrated and continued use. Since the ten
ant farmer is living in the area, community life is restored.
(3)

Timber or Forest Land Use

"OPERATION GREEN EARTH" calls for the planting of a large number
of trees and wildlife seedlings. If the soil material is low in pH,
rocky and low in other plant nutrients, good growth of legumes and
grasses are not attainable. Tree planting is the recommended use of
such mined lands. Peabody is the largest private planter of trees in
Missouri. I think this could be said for several other states as well
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During 1968, Peabody planted 3,915,555 trees and wildlife shrubs and
during the past thirteen (13) years, Peabody has planted nearly
32,000,000 trees.
On the more fertile surface mined lands, the tree planting mixture
may be Yellow Poplar, Black Walnut, Red Oak, Gum, Sycamore, Alder,
White Pine and Red Pine. A mixture used on the more acid spoil is
Sycamore, Cottonwood, Alder, River Birch, Gum and Virginia Pine. Some
of the hardwood species grow faster and provide a quicker cover than
the conifers. The conifers are excellent for aesthetics purposes.
In Alabama, Pine can be established direct from seed and are seeded
by air rather than by hand planting. The use of tree seed of other
species is being tried experimentally in several other areas as well.
The primary reason is the labor problem of getting large numbers of
tree seedlings planted.
Where regulations require grading to the degree that tractors can
traverse the areas, mechanical tractor drawn tree planters are used.
However, the compaction caused by the grading process on certain over
burden materials has been found to be detrimental to the survival and
growth of many tree species.
I have not mentioned Black Locust (Robinia pseudoacacia). This is
one of the best species for obtaining a quick plant cover. It grov/s
well under a variety of soil conditions and is considered a good "nurse'
tree for other hardv/oods. It does possibly have a use as wildlife
It was originally the
food and cover. I consider it a "junk tree
most commonly planted tree on surface mined lands, just as it was on
the early State and Federal erosion control programs in the Midwest.
Its major fault is that it is severly damaged by the Locust Borer.
The regrowth and/or root sprouting, make the area impenetrable.
Where Alder, also a legume, will grow, we plant it rather than Black
Locust.
Species used to provide wildlife food and cover include Bicolor
Lespedeza, Autumn Olive, Dogwood, Bush Honeysuckle, Red Bud, Virginia
and Jack Pine. Ideally, the wildlife seedlings are planted in plots,
about 2/3 in size, scattered throughout the entire planting. This
is an attempt to balance food and cover along with the water that is
present in the forested areas. Adjacent areas seeded with legumes and
grasses provide additional food and ground cover. Such areas often
provide as good or even improved habitat for wildlife than existed
on much of the scrub, cut-over timber land mining.
(4)

Recreational Use

A variety of factors determines the suitability of surface mined
lands for recreational utilization. Criteria used to determine this
use include: (1) Water, including amount, quality and type of ponds.
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(2) Size of area, (3) Unmined land within an area of spoil banks, (4)
Age of spoils, (5) Terrain, (6) Vegetation, (7) Exposed rock, (8) Prox
imity to highways and centers of population, (9) Adjacent unmined land,
and (10) Access to and within the area. ^
Most forms of outdoor activities are directly or indirectly depend
ent upon the presence of water, the principal attraction of surface
mined lands. With growing population, the need for water areas for re
creation and other purposes likewise is growing. Good quality water is
one of our greatest assets.
After the coal is removed, the depressions between the ridges and
in the final cuts will fill with water to form lakes, ponds and marshes
of varying sizes and shapes. Some final cut lakes are over a mile
long. As a rule-of-thumb it is estimated that ten (10) percent of the
total area mined is converted to water.
The formation of new fishing lakes, often in areas where none
existed, is one of the brightest and most successful aspects of the
coal industry and land conservation program ^ . The new lakes contain
water suitable for various types of fish. Many people use and enjoy
these lakes, fishing for bass, bluegill, catfish and many other species
Walleyes have been successfully planted in these lakes too.
As evidence that these lakes do produce some excellent fishing, I
would like to quote some Illinois al 1-time fishing records as reported
in the Peoria Journal Star, February 2, 1969. Of a total of 28 catagories listed, six record fish speci es were taken from surface mine
waters as follows: Smallmouth Bass, 5 pounds 10 ounces--Braidwood,
Illinois 1964; Rock Bass, 1 pound 9 ounces--Morris, Illinois, 1968;
Bluegill, 2pounds 10 ounces--Marion, Illinois, 1963; Northern Pike,
20 pounds 2 ounces--South Wilmington , Illinois, 1952; Yellow Perch,
2 pounds 5 ounces--Atkinson, Illinoi s, 1951; Channel Catfish 28 poundsFarmington, Illinois.
In the Spring 1969 issue of "OUTDOOR LIFE" Mr. Ben East, Senior
Field Editor's News "THE GREAT LAKE STATES" reports, "In a big-bass
contest sponsored by a Peoria, Illinois sporting goods store since
1941, strip mine catches have won the past ten years in a row; the
largest Bass weighing 9 pounds 6 ounces, the smallest going a bit
under 7 pounds."
In this same issue, reporting on fish in Indiana, the "NEWS" says,
"DIG THE PITS FOR BASS". .... - "Year in, year out, the strip mined
areas from Terre Haute to Brazil, southward through Sullivan and
Greene counties, produces more big Bass than any other four counties
in the state. And this is not to overlook the Bluegills, Red-Ear,
Sunfish and Crappies you will find there."
In the surface mining region of Will, Grundy and Kankakee counties
of northern Illinois, on land mined by Peabody Coal Company and its
predecessors, there are at least 14 recreational Clubs, owning more
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than n ,000 acres of lands with a total membership of over 33,000 members
These Clubs provide areas for swimming, skiing, picnicing, hiking, etc.
during the summer season. In winter, skating, tobogganing and ice
fishing are popular.
Goose Lake Club is one that offers permanent dwelling sites under
carefully planned building and zoning codes. The value of the lakes
here frequently is much more than that of land in the area in which
they are found.
WATER SUPPLIES
A number of towns and villages now have good water supplies as a
result of surface mining. Lynnville, Indiana is one example. Approx
imately 1,222 acres of land, 850 of which had been mined, was made
available by Peabody. Some 250 acres of water with an average depth
of 30 feet was made by building five dams. The Indiana Board of Health
approved the water for municipal use in 1964.
SUMMARY
The production and development of pastures and hayland for live
stock, the planting of future forests, the increase in wildlife pop
ulation by providing food and cover and the development of lakes on
surface mined land for recreational uses, are some of Peabody Coal
Company’s "OPERATION GREEN EARTH" planned program. What more will
be done only time will reveal. With imagination, research and care
ful study, more successful uses will be developed.
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THE ECONOMICS OF MINED-LAND RECLAMATION
by
David B. Brooks
Chief, Division of Mineral Economics
Bureau of Mines, U.S. Department of the Interior
Washington, D.C.
A demand for public action in the economic field is usually a
reflection of the fact that, at least for some people, the private
sector is yielding unsatisfactory results. This fairly describes
the current situation as regards environmental protection. Many if
not most people have concluded that private firms acting without
public constraints will produce a higher than acceptable level of
pollution. Unfortunately, whereas the demand for public action is
quite general, the public response must be highly specific; the
Government must decide when, where, and how to act.
The theme of this paper revolves around the need for Governments
to formulate environmental protection plans for both abandoned mine
sites and ongoing mining activity. Therefore, the first thing I
will discuss is why environmental problems almost invariably become
public policy issues. Second, I will discuss how we can make the
needed economic evaluations of suggested policies or programs.
Finally, I want to suggest some things that such evaluations can
tell us about appropriate public actions.
WHY A PUBLIC POLICY PROBLEM ?
In some ways there is little that is new about the economics
of mined-land reclamation. Every mine affects the land and the rest
of the environment just by breaking the surface, and, conversely, the
character of the land always affects the mining system in some way.
However, if the land problem is old, today's approach to it is
new. Formerly land and the rest of the environment were viewed
simply as obstacles that had tc be overcome on the way to getting
minerals, and the engineer's objective was to minimize the costs of
overcoming them. But today we have come to realize that value is
placed on preserving the non-mineral benefits of the environment. In
other words, the miner now deals with two productive resources--the
minerals and the environment.
The origin of this shift in emphasis is perhaps obvious. On the
one hand, the minerals industry is using increasing amounts of land.
The most dramatic figures relate to surface mining: over the past
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twenty, years the proportion of coal recovered from surface mines has
increased from 20 to 35%; the proportion of iron ore, from 75 to 90%;
and the proportion of copper ore from 66 to 80%. 1/ Deep mining also
makes demands on land use. According to Bureau of Mines estimates,
some 2,000,000 acres (3,125 square miles) have been undermined to such
a degree that they have subsided. Probably moreimportant, about
158,000 of those acres (250 square miles) are in urban areas. And
there are solid wastes as well. Through 1966 around 19 billion tons
of solid waste exclusive of strip mine spoil have been produced by
mining and mineral processing, and this v/aste covers around 1.8 million
acres.
But others also have a demand for this land. For convenience let
outdoor recreation represent all non-mineral uses of the environment.
Between 1965 and 1966--half the number of years noted above for the
growth of surface mining— visits to National Parks doubled; visits to
National Forests for recreation purposes doubled; and expenditures by
the public for outdoor recreation more than doubled, y
If we mentally
add other demands for land to this one, it becomes obvious why the
minerals industry must now treat the environment as productive.
However, these trends do not get to the heart of the matter. All
they show is that there is a conflict, a growing conflict, between
those people who want to use land for mineral extraction and those
who want to use it for another purpose. We must still answer the
real question of why the conflict becomes a public policy issue. After
all, we have hundreds of conflicts over resource use in our system, but
ordinarily we let the private market decide who gets what, and also how
much he must pay for it. In this sense, conflict is only another term
for competition; we leave the decisions to private parties and assume
that their actions, without public intervention, serve the public
interest.
But there are instances where the public does intervene in the
market, and let us examine the rationale behind a few such situations.
In some cases the Government actually prohibits production, as with
opium. In this case production is forbidden because it is believed
that the social costs that attend use of this commodity are much
greater than any private returns that might accrue to the producer.
Another case is the public utility. Public utilities operate in
sectors where it has been found technologically efficient to have a
single producer--one telephone line, one gas pipeline--but having
encouraged the formation of a monopoly. Government has to act as
an overseer to prevent abuses in pricing and service.
What rationale might underlie Government involvement in pollution
problems generally and mined-land reclamation specifically? The
answer is that mining is one of a number of productive activities in
which the very act of production does, or at least can, result in costs
that do not appear in any market transaction or that do not appear in
the correct one, which indicates that the market system is not operating
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as it should.
This is a little abstract so let me approach it by contrasting two
terms: internal cost and external cost. Internal costs are those
that any mine operator must take into account because they appear on
his account books: costs like explosives, fuel, and wages. These
are the costs that the firm attempts to minimize. However, there may
also be external costs, of which pollution is a prominent example.
But consider first a simpler case, blasting. If a mining firm sets
off a blast that breaks someone's window, this firm has imposed a
cost, but one that does not necessarily appear on its account books
and one that it therefore has no incentive to minimize. Fortunately,
legal recourse has been adequate for most problems raised by blasting,
but the court system is not well adapted to deal with pollution where
the sources may be several and the damages diffuse.
A number of authors have documented the external environmental
effects of mining, y
Consider a strip mine that dumps waste over the
side of a hill into a stream. In effect, the mine is treating this
water as a free good and therefore lowering its own costs. But this
act may impose higher costs on a farmer downstream when the water
table is raised or fields flooded as a result of sediment-clogged
streams. The public may pay higher costs as culverts are clogged or
road banks eroded. Cities may have to pay higher treatment costs for
their water. All of these are measurable costs that are imposed by
the mining operation.
The point is the following: from the perspective of the whole
economy--not just the single firm--external costs are just as important
as internal costs. Moreover, just as efficiency for the firm requires
private cost minimization, so does efficiency for the economy require
social cost minimization. This means that the economy must be one in
which total costs of product!on--including direct production costs,
waste disposal costs, and external environmental costs--are minimized. V
And here we have the essence of the problem: those with control over
external costs have no incentive to minimize them; those with the
incentive to minimize them have no control over them. 5/
This already suggests some conclusions. It would appear that
efficiency in the economy could be improved by institutions that will
force external costs to be considered by those who cause them. Also,
the figures indicate that the problem of mined-land reclamation is much
bigger than coal strip mining. It includes all of the effects that
mining imposes on the land surface regardless of the commodity involved
or the type of mining. § J And, further, statements to the effect that
mining occupies only a very small part of the land surface are quite
irrelevant when the effects that we are worried about occur downslope,
downstream, or downwind of the mine site.
In short, all mining and mineral processing operations have effects
on the land surface, and some of these effects impose damages. When
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external costs are large and widespread, the free market may yield
results that are far from ideal and this fact provides the rationale
for public action.
THE BENEFIT-COST APPROACH TO PUBLIC DECISION MAKING
So much for generalities about why mined-land becomes a public
policy problem. For our purposes, the important thing is that once
we have recognized a policy issue, we also need a decision model, for
by the very definition of the problem the market system on which we
rely for most decisions is inadequate.
The economist's suggestion for such a model is, in one form or
another, benefit-cost analysis. This approach was originally develop
ed to decide whether government investment projects like dams were
worthwhile, but it can be adapted to great advantage in proposals for
pollution control and environmental protection.
Briefly, benefit-cost analysis is based on the assumption that
there is always a variety of possible courses of public action and
that these alternative courses will vary in effectiveness (i.e., bene
fits) and cost. Since selection must be made among the proposals, the
goal of the framework is to rank alternatives by evaluating both the
benefits to be gained and the cost entailed by each. (Or, what comes
to the same thing, to compare what would happen with some new policy
or program in effect and what would happen without it.) Furthermore,
inasmuch as the alternatives will vary in their impact on various
groups in society, it is also essential to identify who will receive
the benefits and who will pay the costs.
In the case of mining and mineral processing, there are alternative
ways to effect (1) elimination of adverse environmental effects at
abandoned sites and (2) regulation of existing operations so as to
reduce or eliminate adverse environmental effects. The difficult
part is that all costs and all benefits should be included, and they
must both be valued correctly. As you can well imagine, this is no
easy task. Obviously, we can hardly hope to touch on even the high
points of benefit-cost analysis here. But I can suggest something
about the kinds of information needed to make it work.
Damage Functions and Benefits
The simple fact that wastes are present in the evnironment does
not per se indicate pollution. Rather, as implied above, pollution
occurs only when waste disposal practices— or the lack of them--have
adverse effects on other parties. In order to determine the benefits
that can be obtained from different practices, it is essential to
have some idea of the nature and extent of the damages. As stated
in a recent report:

89

"The heart of the waste management problem involves
(1) determining the impact of waste discharges on
quality of the environment, with impact measured
by the time pattern of concentrations of wastes;
and (2) determining the effects of time patterns
of waste concentrations on users of water, air and
land." IJ
Potential benefits can be estimated from damage functions. A
damage function relates the quantity and quality of wastes discharged
to the resulting effects measured as economic costs. For example,
in Figure 1 a given output yields a certain quantity of waste which
in turn causes certain damages depending upon the level of treatment.
Admittedly, this illustration is oversimplified, but it does show
that damage reduction is the objective and that benefits can be
obtained by shifting the damage function (as from the solid to the
dashed line).
In addition, the shape of a damage function can tell us a great
deal about the benefits to be derived from either regulations or re
clamation. It could indicate that there is a threshold concentration
of some effluent below which no damages are discernable for a given
use (as with point A in Figure 1). For example, suspended sediment
of colloidal size may present no adverse effects in water intended for
agricultural use, though it would be most unpleasant for recreational
use. On the other hand, the damage function could indicate that con
siderable reduction of an effluent is required before economic damages
are appreciably reduced (as between points B and C). This is likely
to be true for acid drainage within the pH range of 3 to 5.
Different population densities and different concentrations of
economic activities are bound to influence the level of damages. For
example, the economic damages resulting from an equal degree of sub
sidence may be negligible in a wooded area but high in an urban one.
In other instances, the damages may be related to variations in stream
hydrology, with greater damages occurring during times of low water
flow.
Finally, an attempt must be made to identify, if not measure,
intangible damages. The most important of these are primarily
aesthetic, such as the difference between a clear mountain stream
and a muddy or rubble-filled one. Fortunately, some procedures have
been developed to deal with such cases that avoid the need for direct
estimation of benefits. The differences among land values for loca
tions with different levels of quality have been used for this purpose,
Among other measures are the extra distance people will drive to
find an unpolluted (or less polluted) recreation area, the added cost
of sound insulation in the home, and the higher medical expenses from
living in certain areas. 8/
One form of damage deserves special mention because it can be
critical in certain regions, viz, the effect of mine effluents, sub
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sidence, or abandoned mines on economic development. The difficulty
lies in the need, first, to project the course of development with
and without alternative waste disposal policies or reclamation pro
grams and, then, to translate any differences in the rate of economic
growth into benefits attributable to improved management of mining
wastes. Regional income may have to be an explicit goal before such
benefits can be counted.
Cost Functions and Costs
The second half of a benefit-cost analysis involves estimation
of the costs of accomplishing whatever treatment procedure or reclama
tion program is proposed. These are reflected in cost functions, which
show the expense of alternative waste management schemes plotted against
the rate of production.
In planning, cost functions should be evaluated for a wide variety
of alternative techniques. At one extreme may be those that require
only increasing the efficiency of existing processes; at the other
may be possibilities for regional waste management or for relocating
entire communities. Even within a mine or plant, there are alterna
tives that may have very different cost functions. For example, treat
ment of some effluent may be quite expensive per unit treated but
overall control costs reduced by process changes that diminish the
volume of waste generated. 9/ In any case, research can be expected
to cut the costs of waste management as attention is directed to them.
The cost function for each waste management alternative will con
sist of both investment and operating costs computed in terms of the
quantity or quality of waste treated and in terms of the results (that
is, reduced subsidence, less discharge, or whatever). These cost
measurements are likely to show two significant aspects. One is eco
nomies of scale. That is, the cost per unit of waste treatment or of
land reclamation is likely to decrease significantly as the volume of
waste treated or land reclaimed increases. It is this consideration
that suggests the possibility for regional treatment of certain pollut
ants or for regional redevelopment schemes. The other aspect likely to
be shown by the cost information is diminishing returns. In most cases,
the cost of treatment rises very steeply as 100 percent removal of some
particular pollutant is approached. The comparable difficulty with
reclamation may lie with the increase in expenditure as the time allow
ed for reclamation diminishes, or as a greater degree of reclamation
(to the limit of returning the land to its original state) is approached.
This aspect suggests that except for the most virulent kinds of pollution
(v/hich are not likely to occur with mining) a balance should be struck
between the costs of controlling adverse effects and the results (bene
fits), v/hich is the subject of the next section.
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Comparing Alternatives
The data collected on damage functions and cost functions provides
the information needed to determine the most efficient policies and
procedures for dealing with the adverse environmental effects of mining.
Unfortunately, the procedures for comparing benefits and costs are
not simple. A large literature has grown up around the subject, for
many assumptions and qualifications are necessary. They cannot be dealt
with here, but a simple case can be illustrated in Figure 2. The line
sloping downward to the right indicates the marginal (additional)
damages avoided throughout the economic system if wastes are held or
treated to the indicated levels. The marginal costs of this procedure
for all affected parties are represented by the other line. The opti
mum solution for this case is represented by treatment or withholding
of waste to the level indicated by "X". Note that some damages con
tinue (those represented by the area CXD) but that the costs to society
of reducing those damages (the area CXDB) would exeed the damages.
However, the optimum level of control procedure has reduced damages
by an amount represented by the area YOXC at a cost of AOXC.
Actual cases are of course far more complex. There are likely to
be a variety of sources and kinds of waste and many alternatives for
waste management, subsidence control, and the like, each of which has
a different impact on the environment. Further, since the optimum
level of abatement permits some residual damages, it is important to
determine who is suffering from them. The optimum solution on effi
ciency grounds might be politically unacceptable if most of the resi
dual costs are imposed on an already disadvantaged group, or if it
causes an increase in unemployment in a depressed area. 10/ Despite
all of these complications there is every reason to think that optimum
solutions can be developed for various waste management problems. Or,
where non-economic issues are involved, the costs of suboptimum systems
selected for social or political reasons can be measured. H /
PUBLIC POLICY
We can bring these several threads together by suggesting some
conclusions relevant to policy formulation for mined-land reclamation.
The main point of the paper has been that benefit-cost methodology,
while no panacea and despite numerous qualifications, offers the most
useful approach to developing rational public methods for dealing with
the several aspects of mined-land reclamation.
Consider first abandoned mining areas, which are somewhat easier
to deal with than active mines because certain of the qualifications
become irrelevant or even positive factors. For example, not only are
aesthetic benefits obtained but employment opportunities are created.
Nevertheless, given the large number of acres affected in many differ
ent states, one has to ask where money should be spent, and he must
follow this up by asking how much money should be spent in any select-
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ed area. Even casual benefit-cost analysis can suggest answers. To
me it appears that the damages from past mining are so much greater,
and the alternative uses to which mined land could be put so much more
important, that the bulk of any funds should be spent in the urban
and near-urban areas of the East. Part of this reclamation will
simply be designed to eliminate continuing external costs ("basic re
clamation"), but much will require the additional analysis necessary
to justify more expensive special-purpose rehabilitation.
Regulation poses even more difficult problems. Any regulatory system
must be able to deal with three questions. The first is whether the
reservation of some tract for mining, which is commonly a single-purpose
use of land, is justified under the particular circumstances at hand.
This requires a comparison of the net returns from various ways of
using land, and consideration of such possibilities as sequential land
use, hillside zoning, and scenic easements. Secondly, a regulatory law
must consider what controls will be exercised during the mining process
itself. The objective of the control scheme should be to force firms
to take external effects into account. Ideally, the stringency of
the control should depend upon expected external damages.
(One possible
technique involves "effluent charges" or taxes based on the quantity
and quality of waste discharged. Their advantage lies in the fact
that the charge can vary with, say, hydrology, so that it is more
expensive to dispose of waste during low-water periods when pollution
levels tend to rise. Effluent charges offer the additional advantage
that they induce private research funds to be devoted to the more
costly stages of the waste management program.) And, third, any
regulatory scheme must consider the plans for closing of mines and
quarries. This is a part of regulation because preplanning for the
eventual use of the land is essential if total costs are to be minimized.
There is no need to go back to the pre-mining conditions, but if the
land is to be mined, it must be possible to return it to a condition
that is both pleasing and productive.
Before closing I should admit that despite my emphasis up to now,
we are not going to be able to wait for optimum solutions before act
ing. There is a clear public demand for both the reduction of pollution
from today's mines and the reclamation of areas scarred from past mining.
It is not so clear what levels of environmental change are tolerable,
but present levels are no longer acceptable.
This suggests two final points. First, we should not be afraid
of formulating approximate or temporary solutions. What we should
avoid are prescriptions that lock the environmental protection plan
into some inefficient institutional or technologic path. Since re
search almost invariably makes waste management less expensive than
first estimated, public action should be flexible enough to permit
private firms to adopt new solutions for environmental problems as
these become available.
And, second, complete benefit-cost analysis is not likely to be
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achieved--or even be necessary--in all circumstances. It has to be ex
pected that some data will be missing and some functions only poorly
known. But neither of these difficulties obviates the need for making
decisions in the present. And, hopefully, the partial analyses we can
make will indicate just those areas in the physical and social sciences
where further research and data collection could do most to improve our
capability for making subsequent decisions.
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COMMENTS
QUESTION: Dr. Brooks, a lot of your discussion tended to be without
specifics. This morning Mr. Cook mentioned figures something
like $17.00 an acre spent on redamtion in one place and I have seen
figures, from Pennsylvania where over $2000 an acre was spent on reclam
ation. In some places $50 an acre is a high price for the original
land. Would you address yourself to this problem relative to your cost
benefit analysis.
REPLY: In the first place I don't think that basic reclamation to
eliminate many damages is going to cost $1500 to $2000 per acre.
In the mountains where you are trying to restore the surface or where
you are trying to create some special feature I don't know what the
figures would be. In the analysis I am going through which is for a
general condition you shouldn't be spending that much if you can show
that what you are getting out of it is simply not worth $2000 per acre.
There will always be things that may not make sense because we say
there are damages we can not measure. Asthetic effects are hard to
determine and the people who are receiving these damages are either
particularly deserving or have a particular problem. I think very
largely this is going to be the rational in Appalachia. In Appalachia
I have great difficulty finding tangible economical damages that I
could point to as streams that are damaged that are very unproductive
and fields that have been destroyed that are very unproductive. The
people are not producing very much in the area and yet I feel a little
uncomfortable going that way with their fear of strange ways. You can
buy quite regularly Appalachian land for $50 an acre and the man you
purchase from ends up with $3000 for his land, probably a very fair price
He may end up on the public welfare rolls some place elsewhere before he
was a subsisting farmer in Appalachia. Perhaps you are transporting the
basic problem from one place to another. Specifically it is that you
shouldn't be spending $2000 if you can't show $2000 dollars worth of
value. Also’this $2000 may be spent by the company and the return of
this money show up somewhere else in the economy. That is perfectly
legitimate from my point of view.
COMMENT FROM THE FLOOR: I'd like to comment on that figure of $2000
per acre that was mentioned in Pennsylvania. This is an area of a
State Park and which the park people wanted the reclamation done in a
particular manner for park purposes. This is not the cost of the
reclamation of the strip-mined land in Pennsylvania's reclamation work.
We require the operator's to put up a bond of $500 per acre. There have
been some areas where the strip mine operators have had to put up a
larger bond than that in order to guarantee the restoration of the land
to approximate original contour or terrace type contour, but I don't
want to mislead anyone and have people think that it costs $2000 per
acre to reclaim strip-mine land.
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COMMENT FROM THE FLOOR: It seems to me that there is^ one thing that
should be considered with regard to the cost to the industry of modi
fying mining methods. To prevent the creation of pollution disorders,
which will last for some time, there is a lesser cost to the industry
at the time that the work is done as opposed to the cost to the public
of having to do it at some later time.
And a second thing I'd like to say with regard to that is that I
think the value of the resource that's being extracted should be con
sidered in terms of the cost that may be required to correct the prob
lem that relates to it. In other words you may expect the total value
of the coal that's extracted to maybe be $1000. This is just an
arbitrary number, but it may cost the public $2000 if they have to re
claim the land from which the mineral was extracted. And I'd like to
ask a question of Dr. Brooks. If it is decided to go into projects
relating to the reclamation of abandoned mine areas, do you have any
comments on the most desirable way of financing this sort of thing,
especially when it may be largely a regional problem?
Dr. Brooks:
I agree with essentially everything you said. My own
opinion is that we ought to divide this pretty clearly into two separate
programs in terms of finances: reclamation of past areas and mining
into, whenever you decide that point, the future. I think reclamation
in the past areas should be a public financing responsibility for the
practical reason that you can't find out who did the mining in a com
munity. Also for the principle that it was the public that got the
benefit of the cheap resources and now the public ought to pay the cost
to get it back. It is a public decision now to go back and fix these
areas up. For the future however what we're really saying is that we
want the full cost of production - the full cost of production meaning
both the production costs as they looked in the past and the environ
mental impact to be treated as normal cost of production - so that as
we go into the future these costs will be imposed upon the mining firm
as part of the price of extracting the material. As a matter of fact,
I think the public would favor legislation to do this. I'd rather
see environmental costs taken out of competition in the same way minimum
wage laws took cutting wages out of the realm of competition back in the
1930's. I think we ought to say that environmental work should be out
of the realm of competition. No one should be able to undercut the
price of coal or gravel or whatever you are producing because they're
not observing their responsibilities for reclamation.
COMMENT FROM THE FLOOR: I would like to make a comment. When you say
that this takes reclamation out of the competition area, I think we can
get back to the price of the product. If there's one place where we
know that the mineral industry is weak, it's in what they get for the
end product. Perhaps work in this area to adjust costs more realistically
in the sale of this end product to the consumer is an area that needs
some work done on it. We have to look at reclamation costs as a new
dimension in mining and adjust the sale price of the product accordingly.
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RECLAIMING MILL TAILINGS AREAS
by
E. R. Bingham
Director of Quality Control
White Pine Copper Company
White Pine, Michiaan
Reclaiming tailings areas
our definition.

- we should begin, I think, by narrov/ing

We will be discussing land reclamation in disposal areas, as opposed
to reclaiming tailings for their residual mineral values or for utiliza
tion in other ways.
Utilization of these mineral wastes in total would, of course,
obviate the need for disposal areas in the first place -- and, no doubt,
in the future, uses will be found for some of these millions of tons of
ground rock, including some deposits that have consumed time and money
for stabilization work. If, on the other hand, a deposit is reprocessed
for mineral values, then the new process plan should include provisions
for stabilizing the inevitable waste that will be generated.
In any event, our subject deals with an existing problem that in
many cases requires an immediate solution, so we shouldn't dv/ell too
long on future metallurgical possibilities.
While we are on definitions, let us also try "tailings area."
This is an area adjacent to a minesite set aside to retain the finely
ground waste from some type of mineral beneficiation plant --this may
be froth flotation, gravity separation, heavy media separation --depending
on the type of mineral values in the ore -- and eventually receives from
40 to over 95 percent of all the ore mined.
In area they may vary from a few to many thousands of acres, depend
ing on the production rate and longevity of the mining operation. The
tails are impounded by earthen dams, constructed with fill dirt, the
tailings themselves, or both.
The main point here is that they are constructed and operated
strictly as a pollution control device. Most operations reclaim process
water from the pond, but thickeners would be more practicable and cheaper
if this were the only consideration. This structure on the ohotomosaic
is typical of a flat-land impoundment. The main breastwork is 2-1/2
miles long, 50 feet high, with wings on each side, and a 5-foot retain
ing berm on the uphill end.
It was started in 1954 and will reach its
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ultimate capacity in the fall of next year. The pond area is about
1,700 acres, will be about 45 feet deep at the North end, and will
contain over 80 million tons of finely ground tailings.
As you can imagine, a broad, nearly flat, unprotected expanse of
unconsolidated ground rock could be the source of large quantities of
wind-carried dust. In some arid areas, mining companies have fought
the "tailings storm" battle for decades--using a variety of physical
methods to keep the surface from moving and creating community problems.
In the past ten years -- and particularly the last four -- system
atic efforts have begun to provide general, economically reasonable
solutions to this problem.
Some individual mining companies have achieved spectacular successes
in not only nuisance abatement, but in actually creating definite im
provements when compared to the surrounding area.
Some of the larger companies have professional staffs whose pri
mary duty is in waste area rehabilitation.
The Bureau of Mines is engaged in an extensive research project on
tailings utilization, as well as stabilization, and is funding addi
tional work at the university level.
Although the attack may be in common, the problem is not--except
for a few common denominators which stand out in each set of circumstances
These are many differences - in the bulk composition of the various
deposits, in geography, in climate, in state regulations, proximity to
communities, and in the resources available within and
each set of
circumstances.
Within this framework of major differences in circumstances - and
under conditions that are quite emotional on occasion - the industry,
with the help of other public and private institutions, is working to
ward technical solutions to this very important side-issue in environ
mental control.
Let us examine the problem, then, as objectively as possible.
First, as we have said, the disposal areas themselves exist as a pol
lution control measure. As is often the case in pollution abatement,
new problems are created when one is solved. In this instance, the sol
ution to a water quality problem has caused a potential air pollution
situation.
For that is really the main subject when we say "reclaim" -- in most
instances this means literally to stablilize, or tie down somehow, the
dry surface of the tails to prevent wind-blown dust from becoming a
nuisance. There are other important considerations, of course, but this
is the over-riding one.
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So, in many cases, the problem is alleviated by merely keeping the
surface of the tailing wet during the period of the year when blowing is
a problem. Many mining operations have practiced this for years — using
a variety of methods to distribute water over the flats, or by turning
under the dry top and exposing wet material to the air.
However, this practice is often self-limiting. The arid areas that
experience the most rapid drying are usually short on water, generally;
so the process just may not be able to spare water for soaking tails.
Physical stabilization, using as a rule material at hand, is prac
ticed with some success and often with great ingenuity. Covering with
straw, bark, sagebrush, crushed rock, slag, earth — all have been used
successfully.
Chemical stabli1ization - where a reacting substance is applied to
the surface to form a wind-resistant crust has been used. Many organic
and inorganic materials are currently being evaluated in the Bureau of
Mines study at Salt Lake City.
Vegetating the surface, where possible
both practicably and esthetically.

is the ultimate solution--

The first problem encountered in any revegetation is stablizing
the surface long enough for the plants to take over.
The straight forward way to do this is to cover the surface with
soil --either by mechanical spreading or as a slurry. This, of course,
minimizes the alternative problem -- that of creating an artificial
soil from the tails themselves.
If the first course is impractical because of the physical size of
the flats, or because natural soil is unavailable, then the alternative,
planting in the tails themselves, has problems in common; wherever the
minesite or whatever the metal mined.
1.
2.
3.
4.
5.

Smothering and cutting by drifting sands
Nutrient deficiency
Poor texture, as the material is well classified by the nature
of emplacement method
They may contain excessive salts or metal phytotoxicants
May be excessively acidic or basic

The first step in any revegetation program would be to classify the
tails as a soil (taking care to separate zones of significant particle
size distribution difference) and then determine the soil amendments
necessary to support vegetation.
Once the tails have been classified and the general amendments deter
mined, systematic test plantings may be started of different types of
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vegetation --seeking, usually varieties that will survive with the mini
mum amendments --which will be grasses or legumes in nearly every case.
This test work may be done indoors or out, but if the latter, special
pains must be taken to protect the plots from drifting and cutting.
Once the test work is completed, and the site is ready for planting,
plans should include provisions for rapid, extensive planting, down the
prevailing wind, and for protective, temporary surface stabilization over
the entire area.
This is a highly generalized description of a typical approach to,
perhaps, the main aspect of any tailings area reclamation program--that
of minimizing a potential nuisance: windblown dust. There would be
many factors at each individual site that would require evaluation by
someone knowledgeable in agronomy — particularly in soil chemistry.
Perhaps at this point we can use our copper mine at White Pine,
Michigan, as a case where a medium-sized mining company, by utilizing
all available technical assistance, has started a program that includes
tails stabilization as well as other reclamation projects.
First, of course, is the problem of staffing. All mining companies,
large or small, whatever the metal produced, have an abundance of people
competent in various fields of engineering, metallurgy, analysis and
other technical services, heavy equipment use and maintenance--this list
is almost endless--but it is putting it mildly to say that only a very
few have staff agronomists, wildlife management experts, soil scientists,
botanists, or representatives of any life science. We are one of the
fortunate few in having a forestry department that manages the timber
holdings of our parent company. Copper Range. This group will supervise
the reforestation projects that we will discuss later.
The first step, then, is to pick an individual on the technical or
engineering staff to coordinate the reclamation work as a collateral
duty, and proceed from there. This individual will find that while pub
lished papers on the specific subject only date back, perhaps ten years,
and are few in number, they contain much useful background information
that can be adapted to his specific problem. Next, he will find that
several agenn'es --Federal and State-- exist solely to provide technical
assistance in general agronomy --principally the Federal Soil Conserva
tion Service and the State Agriculture Extension Services, and are not
only cooperative but are eager to provide expert assistance. Further,
as it is difficult to travel more than 50 miles in any direction from
any point in the U.S. without encountering a college or university,
faculty members in the various life sciences provide an enormous reser
voir of specialized talent.
At White Pine, we are very fortunate to have close at hand M.T.U.
whose Ford Forestry Center personnel are engaged in research in vegeta
tion and stabilizing iron benefeciation plant tailings that parallels
the work at our plant.
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The property itself is in upper Michigan, about six miles from
Lake Superior. The project area is relatively flat, with heavy second
growth aspen, riiaple, birch and scattered conifers. The white pine were
mostly logged off around the turn of the century.
The project was started in 1954, mining in the pre-Cambrian Nonsuch
Formation. Production is about 25,000 tons of ore per day with a grade
of 1.1% copper in the form of chalcocite and native copper.
The program at White Pine is ordered as follows:
1.
2.
3.

Reforestation, surface stabilization and water fowl habitat
development in stripped borrow areas,
Stabilization, where necessary, of existing tailings flats with
vegetation, preferably with species compatible with the
habitat development, and
the systematic reforestation of stripped areas as a new tailings
impoundment is constructed over the next 20 years, and the
eventual stabilization of that tailings surface.

Part one was started in 1966 with a survey of the area. Expert
advice was sought on the feasibility of the wildlife habitat development
possibilities.
In the 15 years since the operation started, a natural nesting pop
ulation of surface-feeding ducks had developed --which is understandable
as this artificial marsh was superimposed on a forested area that offered
few nesting opportunities.
The resident population was found to be predominately mallards, but
a few other surface feeding varieties were present. Brood counts last
spring in test areas showed a six to one ratio, of mallards to all other
species.
The borrow pits number 120-odd, have a total water surface of about
600 acres, with individual ponds running from one to 20 acres, and are
up to 15 feet deep. All conform to the same general physical configur
ation, elongated north-south, deepest on the north end with steep drop
offs, shallowing to the south, with a long gently sloping dry runout
apron. The pits are separated by spoil banks 10 to 15 feet high.
The water level in these flooded pits fluctuates very little, and
normal marsh vegetation has taken to some degree in all of them.
The plan, then, is to supplement the natural cover with preferred
food and cover species, stressing perennials that are useful from spring
through fall. Soil tests on both the bank and pond bottom material
indicated marginal fertility, but sufficient to support selected vegetati on.
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Of.the varieties tested in 1967 and 1968, the following have been
selected for planting this year: sago pond weed, wild celery, hard stem
bulrush, giant bur reed, smartweed, muskgrass, wild rice, and reed canary
grass.
These are all perennials and require no fertilizer to start, except
for the canary grass and the wild rice. The rice plots are restricted
to a few ponds with flowing water. Once seed beds are established, several
beaver sloughs in the surrounding woods will be planted.
Still in this phase of the program, we will plant red pine
spruce at the head end of each of the dry.cl ay areas. Between
and the water in each pit, ground cover will be introduced for
purposes --to retard the sheet wash that would eventually silt
up completely, and to provide forage for grazing water fowl.

and white
the trees
two
the ponds

Not too much art is involved in this operation. Our forestry depart
ment has a wealth of experience in planting conifers in stripped areas
and we plan to use the same mix of clover, alfalfa, fescue, vetch and
timothy that have been successfully used to stabilize the slopes of the
berms built with the material from the borrow pits.
Still, the coming growing season will be used to refine techniques,
and, incidentally, costs, on the use of a road patrol or bulldozer-drawn
tree planter. Only about 25 acres of tree plantings are scheduled, which
is a rather puny area when compared to "Operation Green Earth"--but you
will see later, we need this preliminary testing for future projects.
In selected areas, one-half to one acre test plots of buckwheat,
barley and rye will be planted. We want to see if these will help
to furnish late-summer food for the resident birds as well as for mig
rating geese and ducks.
About 10% of the ponds, and the edges of the front and back berms,
have been designated as sample areas for population studies. Two
careful foot traverses are made each year around each of the areas—
one in July after the young are out, and another in late September.
Last year 21 broods were counted in these test pond areas: 18 mallard,
2 greenwing teal, and one blackduck. Also, planted areas as well as
unplanted are checked for growth progress, and specimens of unidentified
plants are taken for later classification. An undergraduate in wild
life management is hired for this summer work.
No pretense is made that this brood count can be extrapolated by
ten, or that the methods are very scientific, but we feel that it shows
the potential of the site as a nesting area. Also, from the young birds
seen in the tailings area in early September, we know that a significant
number of blacks and woodduck nest in the dozens of beaver sloughs
around the tailings area.
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The area is used very little by transient birds in the spring, but
is heavily used during the fall migration.
Large numbers of diving
ducks, mostly bluebill, rest on the main pond and feed in the burrow pits
Large numbers of dark geese use the area every fall for feeding and rest.
During bad weather, great numbers of snows and blues also appear. None
of these birds remains in the area very long, but will probably hold
better after the preferred food species take over more of the area.
There is a steadily growing colony of blue heron that nests in this
area using dead trees that protrude through the tailings. The borrow
pits all have minnows and frogs in abundance, so these birds have an
ideal environment. Many shore and v/ading birds nest on the edges of
the tailings impoundment.
The second part of the program, stabilizing the existing flat
after it is abandoned in 1970, presents entirely different problems
than vegetating the stripped clay areas --not the least of which is
getting around for sampling--we do this in the winter when the surface
is frozen.
Use of the impoundment will cease in late 1970, so the actual stabi
lization work will start in the spring of 1971.
The first step in this program was a literature survey, then soil
analyses on three general particle size zones. These analyses were
obtained through the County Extension Service whose service also included
fertilizer needs for various field crops that could be tried.
During the first growing season, 1967, the only test area available
was cycloned sands that had been placed along the v/est wing of the dam
to create a beach against wave erosion. Clover, alfalfa, timothy,
Kentucky blue grass, reed canary grass, and mixed rye, fescue blue grass
and clover were planted in 50-foot by 20-foot test plots on this coarse
fraction, with fertilizer application ranging from zero to the recommend
ed. As it has been found elsewhere, small test plots on unstabilized
coarse tails inevitably are abraded or covered by windblown material.
Some indication of germination and rooting success was gained, but the
plots had mostly disappeared by summer's end.
Another problem with this before--the-fact approach is that the
flats themselves are unavailable for testing. With 8 - 1 0 feet of
tailings yet to come over the entire area, any test plots would be
innundated.
In the planning for the 1968 growing season, then, two needs
became evident: first, temporary chemical or physical stabilization
of any test areas in relatively coarse sands; and, second, emplacement
of significant amount of tailings outside the main impoundment for a
stable test area.
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The surface stabilization I'll describe later. The test plots were
obtained by filling three small borrow pits, totaling about four acres,
with general tails which include both sand and slime fractions. This
will allow four acres to be test planted under conditions close to those
expected after abandonment.
In 1968, more test plots were set out in the coarse tailings piled
on the west wing, but with an elastomeric polymer cover applied im
mediately after seeding. This forms a crust that stabilizes the sur
face and slows water evaporation, but allows the plants to sprout
through.
This polymer was tested for several features-minimum effective
solids per unit area, aoplication on both wet and dry surfaces, pene
tration, and effectiveness as a growth-assisting protective cover.
Legumes and grasses with varying fertilizer ratios were set out.
along with a few hundred pine and spruce seedlings. While recognizing that the trees are out of the natural order, we wanted to get a
rough idea of survival and growth rates, with and without fertilization. Having wintered once, this growing season should produce some
meaningful data. The return from the stabilized legume test plots,
and particularly the condition of the crust, will also be closely checked for wintering capabilities.
The tai1ings-fi1led borrow pits mentioned before were not used in
1968. The excess water will be decanted and test plots set up this
year.
During the past winter, tests were conducted indoors to determine
what will actually happen to the tails surface under the worst possible
weather conditions. Samples were taken from the three zones, set up
in 4 by 4-foot by 4-inch flats, dried completely, and a 30 mph breeze
passed over the surface. It was determined that the south portion,
about 600 to 700 acres will need to be stabilized. The fines on the
north side set up like adobe on drying and should be self-stabilizing.
The coming growing season will be used:
1.
2.

3.

To test different legumes--birdsfoot trefoil and crown
vetch--as a supplement to the standard alfalfa-clover
mixtures.
Evaluate 1968 work in polymer--stabi1ized areas, and ex
tend these tests to wider coverage. The Ford Forestry
Center of Michigan Technological University will supervise
this work.
Test calcium 1ignosulfonate as a soil conditioner and
surface stabilizer on five tests acres of coarse and
intermediate size fractions. Indoor tests this winter
showed excellent potential for this paper-mill byproduct
for pH modification as well as for its water holding
capabi1ities.
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4.
5.

Set out test plots of cedar and forage shrubs in the
tailings.
Evaluate the entire program in terms of cots per acre.

The third phase of the program started last summer. This 5-1/2mile swath has been cleared and grubbed for the new tailings dam which
will impound about 2,700 acres. This structure will be raised each
construction season for 20 years, keeping ahead of the pond level as
it rises to the final level of 100 feet at the crest. The core of the
dam will use coarse tailings for construction, but the upstream and
downstream faces will be rolled fill. This means that the east and
north sides will be cleared for borrow - eventually for a mile or more
out from the breastworks. This will result in dozens of new ponds
and many hundreds of acres of cleared land.
Periodically during the 20 years of construction, as the available
borrow is depleted, the dry parts of the stripped areas will be planted
to conifers or ground cover. The flooded portion of the borrow pits
will be seeded with aquatic and shore plants using starts from the
ponds in the original area.
We will end, then, with about 10,000 acres of affected area 4,500 for actual tailings storage - and the balance in ponds and open
flats with scattered groves of conifers and hardwoods.
We envision the area eventually as a wildlife reserve which will
blend with the surrounding area, but will actually be an improvement
in terms of wildlife habitat for waterfowl as well as other game
birds and animals native to the area.
I have tried to outline some of the common problems in tailings
area rehabilitation, while recognizing that each individual situation
is almost unique. Current research and testing on techniques and
materials useful in stabilization is resulting in methods that will
have very broad application.
Individual mining companies are becoming more and more systematic
in their approach to these post-deposition tailings problems. Research
grants to colleges for studies at individual minesites are becoming
common place.
As more data is published by the various interested groups - and
as methods become more and more scientific and less arty - it is not
difficult to envision that mining companies will come to accept re
habilitation of disposal areas as a normal cost of doing business, as
they have always accepted the tremendously expensive tailings impound
ments themselves.
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COMMENTS
QUESTION:
tailing?
ANSWER:

One thing I'd like to know is what is the pH of what you're

It's about 8.9 to 9.0.

QUESTION: The second question is what did you find that would survive
in the tailings alone?
ANSWER: The soil conservation service selected 2 or 3 clover species
they felt would do all right and one alfalfa. This year we're going to
try the crown vetch and we^re going to put tree foil in it. They feel
this species will do pretty well too. But the '68 growing season will
tell the tale on what is going to take the best.
QUESTION:
ANSWER:

Did you add fertilizer?
Yes.

QUESTION:

What kind?

ANSWER: The potash is plenty high so we're using 10-10-0.
adding any potash, just phosphorus and nitrogen.

We're not

no

VOLUNTARY LAND RECLAMATION IN THE FLORIDA PHOSPHATE INDUSTRY
by
Earl Wells
Public Relations Director
Florida Phosphate Council
Lakeland, Florida
The State of Florida is the mecca for wonderful climate, beautiful
white sandy beaches, lush citrus groves and the state selected by the
great former President of the United States who hailed from Missouri-Harry S. Truman.
But aside from all these remarkable achievements, Florida is also
the largest single producer of phosphate in the world.
Sandwiched in between those glittering beaches, adorned with lovely
bathing beauties and within a stone's throw of those famous citrus
trees is located some of the world's righest phosphate deposits, source
of the vital mineral phosphorus -- necessary in the diets of humans and
animals and necessary in the growth of all plants.
In Florida, we refer to phosphate as the state's hidden blessing,
the connotation being to the ore deposits hidden a few feet below the
surface.
For the record, however, it should be pointed out that there are
four major phosphate producing regions in the United States, including
Florida, North Carolina, Tennessee and the four-state bloc of western
states -- Idaho, Utah, Wyoming and Montana.
But the lion's share or about 70% of all the phosphate produced in
the U. S. comes from a small area in Central Florida, located about
20 miles East of Tampa. From Polk and Hillsborough Counties nearly 30
million tons of phosphate rock came out of the ground last year.
With one exception for a new phosphate mine which opened in North
Florida two years ago, the 30 million tons figure is sufficient to
comprise over 30% of the world's total phosphate production in 1968.
Needless to say such a mining operation contributes greatly to
the economic makeup of the area involved, but this paper is designed
to inform you of the industry's reclamation practices, so I shall
dispense with the economic pitch.
The strata composition of Florida's phosphate deposits is relatively
simple from a geological standpoint. It is as follows:
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Overburden -- Sand and leach zone, 10 to 30 feet thick
normally, but may extend as deep as 60 feet.
Ore body -- (Matrix) ranges in thickness from 5 to 20
feet and in some instances may be 30 feet thick. Matrix
is comprised of approximately one-third sand, one third
clay (colloidal in nature) and one-third phosphate rock.
All phosphate mined in Florida is through the surface mining
method, the first step being prospecting to determine thickness and
quality of phosphate deposit.
When it has been determined a deposit is mineable--grade, quantity
and location is economically feasible -- large electric draglines with
buckets of 40— 49 cubic yard capacity move in and remove the overburden
preparatory to mining the matrix.
After the ore body is uncovered, the matrix is scooped out by
the dragline and placed in a sump or well where the material is
broken up with high pressure water guns. The slurry, now simi-liquid
is pumped in huge pipelines to a recovery plant where the process of
separating the sand, clay and phosphate particles is completed. Larger
pebbles are recovered through a screening process, and fine materials
are recovered in a flotation process.
Recovery completed, phosphate rock is stored prior to shipment
to domestic and foreign customers, or routed to a chemical processing
plant a few miles away where it is manufactured into a fertilizer
product.
Approximately one-third of Florida's total production in 1968 was
shipped to overseas markets in the raw rock form. Japan v/as the state's
largest customer, purchasing more than two and one-half million tons.
It is interesting to note that more than 95% of all the phosphate pro
duced in Florida is destined for agriculturally oriented use such as
fertilizer, plant food supplements and animal feed additives.
This, essentially is the phosphate mining picture in Florida, now
to the primary subject of land reclamation and restoration.
At this point let me emphasize that to date all land reclamation
by the Florida phosphate industry has been through a voluntary effort
by the industry. For the most part this effort originated in 1961 when
progressive thinking individuals within the industry recognized the
need for self regulation and the desirability of self regulation over
that of government imposed control.
Collectively, firms engaged in phosphate mining pledged themselves
"to plan mining activities wherever practical so that the land involved
shall help meet the esthetic and practical needs of the community."
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If. there are any attorneys in the audience that type of phrase may
seem a little bit nebulous, but nevertheless it was a start. It was
also the signal for the phosphate industry to police itself, rather
than to have the law breathing down its neck.
Needless to say, there also was tremendous public relations value
in making such a pledge and adhering to that pledge,
The net result of this self-imposed land reclamation policy is a
remarkable list of land reclamation and restoration achievements which
deserves discussion and attention.
I should Doint out that the phosphate industry was among those
scrutinized by the famed Department of Interior Committee that eventual
ly turned out the report titled "Surface Mining and Our Environment."
This committee visited the Florida phosphate fields and viewed
land reclamation projects and apparently came away favorably impressed.
Those of you who have read the report will note, I am sure, the virtual
absence of comment about our industry.
At any rate, since 1951, the Florida phosphate industry as a
whole has turned in a creditable performance. A performance that
has seen an average of nearly 70% reclamation when compared to the acre
age mined for the years involved. Representatives of the industry are
convinced that this outstanding display of public responsibility in
support of the 1961 action is the primary reason the industry has
evaded government regulation.
Methods of mining and approaches to land reclamation have varied
over the years and with the changes have come improvements in both
fields.
For example, the practice until a few years ago was to mine an
area, leaving the spoils -- or moonscaoe as they are referred to in our
area -- and then come back a few years later with reclamation.
Admittedly, many of those reclamation projects are among the finest
in the industry, providing land for residential or industrial development,
agriculture and recreation.
But the trend is changing to one of simultaneous mining and reclama
tion. This approach provides for ah almost instant reclamation pro
ject.
Here's how it is carried out:
A plan is formulated of the tract to be mined, much like an arch
itect designs a building. This plan is determined by the location of
the deposit, the depth which will be necessary to reach the matrix and
the type of reclamation desired when the project is completed.
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This method clearly indicates where the dragline operator will
deposit his overburden and his path of mining. Thus, making it a
rather simple procedure for bulldozers to move in immediately to
knock down the remaining ridges and shape up the lakes left by remov
ing the matrix.
The end result is a completed reclamation project within a few
days or weeks after the dragline has completed mining. This type
program also has tremendous advantages from the public relations
standpoint.
There are many uses of reclaimed phosphate land in Florida.
Due to the state's expanding population, there is an ever increasing
need for land which can be developed for residential use.
Strangely enough, some of our mining areas in the past have been
adjacent to, or in some instances, within the corporate limits of
cities or towns. Such a situation certainly requires a great deal of
thought and preparation on the part of the miner, but at the same time
a great deal of benefit can be derived by the company and the industry
if the approach follows a good reclamation plan.
A number of desirable residential development tracts have been
made available by our companies, who have mined out swamps and marshy
areas that previously were virtually useless, unless improved.
We take a great deal of pride in the fact that all or parts of
four championship golf courses in our area have been constructed on
reclaimed phosphate land. In the two-county area of our operations,
literally dozens of picnic and recreation parks and fish and wildlife
management areas have been made available to the public by the phos
phate industry in its reclamation and restoration programs.
It should be pointed out, however, that the majority of our mining
is somewhat departed from urban growth potential, thus much of our
land that is reclaimed will fall into the agricultural use category.
Much of the land, for example, was in citrus or oasture before it
was mined, so it stands to reason it should be returned to that use if
conditions are suitable.
Other areas have been used for truck crops
plantings, and reforestation.

grains, legumes, peach

Despite the phosphate industry's desire to reclaim as much land as
possible, there are occasions when reclamation as the layman views it,
is virtually impossible. A case in point is an area that is swamp be
fore mining and the water table is extremely high.
When this occurs, we have attempted to make the best use possible
of these areas in leaving them in a good, but unreclaimed condition.
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This soon provides habitat for wild life, and many of the remining pools
are stocked by the Florida Game and Fresh Water Fish Commission, not
to mention some of the excellent swimming facilities that result from
the mining operation.
In addition to the two types of reclamation already mentioned,
there is another problem encountered by thephosphate industry and
this regards the clays which make up part of the martix.
For a brief discussion on clay disposal and work which has been
done to reclaim and reuse these areas, Mr. Maynard Leetun, Land
Manager for Agrico Chemical Company will continue the discussion.
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COMMENTS
COMMENT FROM THE AUTHOR: We didn't get into economics in our paper which
we prepared on reclamation costs per acre which will be distributed to
you. We were running some surveys to find out exactly what this cost
was and the results of this survey came after the paper was completed,
last week. We found of the 8 mining companies which operated in the
central Florida area, our reclamation costs per acre will run a gambit
of from $300 an acre to approximately $1500 an acre with the composite
average being slightly over $500 an acre. In terms of cost per ton to
reclaim this it will run approximately 6(t per ton. I thought you'd be
interested in those figures.
QUESTION: I got the impression thru your talk that the only thing you
v;ere concerned with in reclamation is whether or not you put the land
afterwards in a better condition. Did I understand you correctly that
if the land went into bird sanctuarys, fishing ponds and so forth you
didn't count this as reclamation?
ANSWER: The areas I mentioned were a number of areas which had been sold
to individuals, for instance, the golf course. There are a number of
other areas which have been sold to corporations for the development of
residential areas and for perhaps, pasture and small businesses. We do
not count that as part of our industry reclamation. The areas which
you mentioned that have not been reclaimed having been leased to the
Audobon Society on the basis of a dollar a year lease are not referred
to as reclaimed areas if we did no work in them.
QUESTION: In your reclamation costs where you were talking of $500. or
more per acre what is the value of this land when you're through?
ANSWER: The value of land depends on the location. When we have land
reclaimed within a short distance from Lakeland or Tampa in many cases
the land value is much higher than the cost of reclamation. Where we
have spent a lot of money on reclamation in rural areas it is just the
opposite. The reclamation cost is now higher than the value of the
land but maybe it won't be in the future because our land values in
Florida are increasing constantly. We could sell some of our reclaimed
land right now easily for $500-$!000 an acre but we have many acres that
we could probably get only $150 an acre for depending on where it is.
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THE PRESENT STATUS OF RECLAMATION
IN THE SAND AND GRAVEL INDUSTRY
by
W. I. Thieme
President
American Aggregates Corporation
at the
53rd Annual Convention
National Sand and Gravel Association
New York, New York
January 27, 1969
When asked by the staff of the National Sand and Gravel Association
to address you on the subject of reclamation, my first reaction was to
decline. It seemed to me that this subject had been amply covered
many times by my predecessors and by others. The subject had, so to
speak, been "beaten to death."
Closer inspection, however, showed that re-examination may be timely
It is surprising how rapidly time passes and how key personnel change.
It is also surprising how rapidly our industry has changed. Thus,
when my predecessor, F. D. Coppock, addressed this group on the subject
of reclamation in 1955, our industry was producing at a rate of approx
imately 500 million tons per year. Today, it is producing at nearly
double that rate, which means that we are using land twice as fast
and our reclamation requirement is twice as big.
One of the first things that must be done in any discussion on
this subject is to define exactly what we mean by reclamation as
applied to the sand and gravel industry. Do we mean restoring the
land to its prior condition? Do we imply that the resulting land
must always look like a well-groomed- park?
According to Webster, the word "reclamation," as applied to land
is defined as "the act or process of restoring to cultivation or use."
I should like to emphasize the words "or use" since this shows that
reclamation can be accomplished by the preparing of land for a useful
purpose, and this is not necessarily limited to cultivation, parks,
or attempting the impossible task of restoring the land to its original
condition.
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Another possible misconception I would like to correct is that
this resulting use, after reclamation, is inferior to the original
condition of the land. Very often this is not the case, and the end
use may be more desirable than the virgin ground. Thus, in many of
our crowded metropolitan areas a hole in the ground is worth more,
economically and socially, than the original solid terrain. In our
industry we have also seen cases where marginal flood land was, as a
by-product of the interim sand and gravel excavation, converted to
usable lakes and building sites. There are cases where solid level
industrial land has resulted from the excavation of uneven marginal
acres. There are cases where flood channels and levees have been con
structed at no cost to the public. There are instances where rivers
and harbors have been improved. These and many other situations show
that our reclamation produces end results that often are superior to
the conditions in which the land originally existed.
Having thus defined the terms, we can turn to an analysis of
reclamation today in the sand and gravel industry. How much reclama
tion is being accomplished? What are the reasons why reclamation is
performed? What are the trends and what do they indicate about the
future course?
I should like initially to examine the various reasons why reclama
tion presently is being performed. If we can identify the various
reasons for carrying on a reclamation program, we then can more reliably
evaluate the present status of such program and evaluate the changes
which may be expected in the future.
Amateur or professional psychologists will caution you that people's
motivations for certain actions often are very complex, and result
from a number of factors and background influences - so also in the
motivation behind reclamation. A combination of factors is involved,
and these will vary from one location to another and from one company
to another. Nevertheless, it seems to me that the motivation behind
sand and gravel reclamation can be broken down into four main factors.
They, in various combinations, lie behind the reclamation work done in
the past and likely to be done in the future.
The first main reason why an individual or corporation may perform
reclamation is an intangible one, namely the sense of stewardship or
public duty. This is the feeling that the good earth, as the astronauts
recently called it, should not have portions of it desecrated as a result
of our short presence here. This is the feeling that our neighbor's
enjoyment of his property should not be unreasonably affected by what
we do on ours. This is the feeling that ownership of land is not quite
absolute, but carries with it certain obligations regarding how it may
be used or left. This sense of stewardship has been, and still is,
quite strong in certain individuals and in certain corporations. It
must have been the primary reason for much of the pioneering reclama
tion performed in our industry when other factors I will mention were
not yet present.
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The next question is whether this sense of public duty or steward
ship is becoming stronger in the sand and gravel industry. Is it gain
ing in importance or lessening? In all candor I must answer that I
do not see any particular ground swell or increase in reclamation due
to this factor alone. It still is a major consideration for some indi
viduals and companies. Many operators, however, do not receive on
this frequency. They may insist in living in a nice neighborhood and
in a nice house, but they apply an entirely different set of values
to their mining activities. And while this concern for our environment
may not have seized too may sand and gravel operators, it is of grow
ing concern to a sizable segment of the American public. This solici
tude of the public for our environment has already resulted in Federal
legislation on air and water pollution. Any perceptive individual in
our industry would be foolish if he did not recognize that there is
a growing public intolerance for some aspects of our mining activities.
The second main
industry is that of
made as a result of
importance, and now
for the public.

reason why reclamation may be performed in our
economics. Simply stated, there is money to be
reclamation. This aspect has grown rapidly in
holds the greatest promise for our industry and

As the pressure for land increases, particularly near population
centers where many of our operations are located, profitable uses for
reclaimed excavations have developed. These range from parks to lakefront housing developments to office buildings to industrial sites
to public water sources to refuse disposal sites and to numerous
other potential uses. Many real estate developers now spend large sums
creating artificial lakes that are not as attractive as the ones some
times produced in the course of our excavations. The "hole in the
ground" as formerly stated, may now be more valuable than the terrain
in its original state.
This economic aspect is growing more rapidly than you may realize.
In his address in 1955, Mr. Coppock proudly pointed out how we were
selling lake-front lots for $125.00 per front foot, a sum we then con
sidered to be quite remunerative. Today, the last of these reclaimed
lots are being sold for use as office building sites - on the basis
of over $500.00 per front foot. If we can develop added locations, I
wonder what they will bring five or ten years from now?
It has been our experience that the presence of water greatly en
hances the economic opportunities for reclamation, since water can be
a unique feature for commercial and industrial as well as residential
uses. Any sand and gravel operator, even in rural areas, who can
produce water areas should be able to develop a reclamation plan that
will be profitable to him in the long run.
A leading real estate developer recently viewed one of our lakes
where we had done a commendable job of reclaiming the perimeter for
residential use, but where the entire center had been excavated and
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and converted into a lake. "Criminal," he said, "You should have left
some added land areas. You could never have made enough money on the
sand and gravel excavation to offset the real estate loss." These are
shocking words for one who strives to recover every ton of available
deposit, but perhaps we had better give this aspect of our business
even greater emphasis.
This growing economic potential should not be overlooked. Even if
a profitable use is not always here today, what will be the situation
in five or ten years when some of your current operations are completed?
This is a language you understand. The beauty of this economic aspect,
from the public's standpoint, is that it is automatic and self-regulating
Where this factor is present, it is no more necessary to have legisla
tion requiring reclamation than it was necessary to have legislation
requiring that the excavation be made in the first place. I say again,
the economic aspect of sand and gravel reclamation today holds the
greatest promise for the industry and for the public.
The third main factor influencing sand and gravel reclamation is
that of zoning. As zoning is increasing in its effect on our operations,
so is the reclamation which is done to alleviate zoning's pinch. Now
when I mention zoning as a problem I always get a few tolerant smiles
from those who are not yet affected. To me these individuals are similar
to the butterflies in Rudyard Kipling's verse which says:
"The toad beneath the harrow knows
Exactly where each tooth-point goes;
The butterfly upon the road
Preaches contentment to the toad."
As a well-spiked toad who is painfully aware of zoning's toothpoints, I can only hope that the butterflies can remain so always, but
such may not be the case. Speaking from personal experience in three
Midwestern states, we have had a rapid expansion of zoning in recent
years. Twenty years ago relatively few of our operations were in areas
where zoning was in effect. Today, nearly all of these same operations
are in areas covered by zoning, usually under township or county juris
diction. The approval of local zoning boards is required in order to
mine added deposits, and many times this proves to be most difficult
or impossible to secure. As a result of this pressure, we often have
been forced to agree to stringent reclamation requirements whether they
were in the zoning statute or not.
The fourth main factor requiring reclamation in our industry is that
of legislation, namely that some law says it must be done. A growing
number of local zoning ordinances now contain their own reclamation and
bonding requirements. The provisions of these ordinances are as varied
as the multitudinous units exercising local zoning jurisdiction. Some
times they are framed by competent people who recognize the need for
our industry and contain reasonable operating and reclamation require
ments. Sometimes they are framed by people who simply are not competent,
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And sometimes they are framed by individuals or groups whose real purpose
is to prohibit completely our operations, with this being accomplished
by operating or reclamation requirements which may sound possible to the
layman but with which in practice no commercial operator could comply.
Widespread adoption of this latter type of zoning ordinance would doom
our industry.
Legislation requiring sand and gravel reclamation may also appear
at the state level. By latest count, 15 states have some form of
mining reclamation statute, and in 7 of them the law is applicable to
sand and gravel as v/ell as to most other minerals. From conversations
with people from different parts of the country, it appears that a
growing number of states are considering broad surface mining laws. I
might add, however, that a substantial number of them feel that it is
both unnecessary and impractical to include the widely scattered sand
and gravel industry.
Finally, we have pending Federal legislation on this subject.
Introduced in the last Congress of the United States was Senate Bill 3132
which would place the sand and gravel industry, as well as all other types
of surface mining, under Federal control. This bill was not enacted, but
it seems certain that it will be reintroduced again this year. Thus,
we have come a long way down the road when the Federal Government will
attempt, directly or via its requirements on the states, to control the
operations and reclamation of over 8,000 individual sand and gravel opera
tions scattered throughout almost every county in the 50 states.
While details on this Federal bill have been furnished you by our
Association, a brief review of its provisions may be helpful. As in
some similar legislation, this proposed bill contains a feature which
would allow the states to control and regulate the industry instead of
the Federal Government. However, the state plan must be submitted to
the Federal Government and approved by it. Federal approval may also
be withdrawn at any time. Thus, those who feel that the state plan
would supersede the Federal regulation are in error. The states would
be permitted to carry out the administration, but always under a plan
which must be approved by the U. S. Secretary of the Interior. The basis
for his approval or denial of a plan is most indistinct. Annual permits
and bonding would be mandatory. Criminal as well as civil penalties
might be imposed, the harshest form of regulation. An operator would
always live under the threat that he might suddenly be shut down and
appeals from arbitrary or unreasonable decisions would be very difficult.
There is a basic dilemma facing anyone who would attempt to legislate
reclamation in the mining industry. The first horn the would-be drafter
of legislation on this subject must face is the extreme variation in the
mining industry. Even in sand and gravel, the conditions in Maine differ
widely from those in California. Revegetation is easy in some locations
and impossible in others where nature has not even been able to provide
vegetation now.
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When you then include all other types of mining, from stone quarries
to iron ore to coal to copper mining, you reach the impossibility of
placing in the legislation the exact description of what must be done
to comply with the Reclamation Law. You then are forced to face the
second horn of this dilemma, that the legislation must be broad and gen
eral and the decision of exactly what must be done under all the varying
circumstances is left to some agency or individual. You then vest in
this agency or individual a great deal of power, since his rulings may
mean life and death to individual companies or even to industries.
While the motives and abilities of those presently administering these
programs may be the highest, there always is the inherent danger in
assigning such power. As British historian. Lord Acton, said nearly a
century ago, "Power tends to corrupt, and abolute power corrupts abso
lutely."
I certainly am not an authority on what level of government, if any,
properly should exercise control over sand and gravel reclamation. If
they proposed Federal bill were enacted, however, it seems to me that
you might have the impossible situation of three different government
agencies simultaneously asserting jurisdiction on the same subject,
namely the Federal law, an unapproved state law, and local zoning laws.
Conceivably each could have differing bonding and reclamation require
ments. With which would we be forced to comply? The easiest one?
The hardest one? All of them? I personally am more concerned about the
mechanics and administration of these possible laws than I am about
doing the actual reclamation work.
We now have reviewed four factors affecting reclamation in our
industry. Three of them, namely economic, zoning and legislative fac
tors, are changing rapidly in the direction that should cause reclam
ation to be accomplished. The fourth factor, namely that of public
stewardship, may not be growing too strongly within our industry, but
it certainly is growing in the public sector and is an item to be
considered seriously. With this collection of rapidly changing factors,
how is our industry responding?
In the collective sense you have the response as shown by our
National Sand and Gravel Association. In this respect I feel we merit
high praise. This Association has done everything possible to present
the problem to its members and to assist them in its solution. Prophetic
speeches on this subject were heard before this Association several
decades ago. Then in 1963 our Association produced a report written by
Kenneth L. Schellie and David A. Rogier entitled, "Site Utilization and
Rehabilitation Practices for Sand and Gravel Operations." This is an
excellent manual and contains much information that is practical to
the average sand and gravel operator. It gives detailed information
on all the various methods of rehabilitation. It shows a large number
of possible uses for excavated sand and gravel sites. You should have
copies of this excellent report in the hands of all your key operating
executives.
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Since 1963 the National Sand and Gravel Association also has spon
sored a research project on the subject of reclamation at the University
of Illinois. Four research reports have resulted which have received
widespread acclaim. A fifth researbh report dealing with the recrea
tional end uses of sand and gravel sites is scheduled for completion in
June 1970.
Under auspices of our Association, reclamation seminars are sched
uled this year at several locations throughout the country. Two dif
ferent seminars are proposed, one for top level executives and one for
operating personnel. These seminars are for the purpose of enabling
individual operators to do a better and more efficient job on this sub
ject.
As a final item our Association has cooperated with the Interior and
Agriculture Departments of the Federal Government in the preparation of
recent publications where the various aspects of reclamation are pres
ented. Thus, I believe this record demonstrates that our National
Association has recognized the increasing problem of reclamation and
has done everything possible to assist its members in performing this
necessary work.
Before leaving the aspect of our Association's work, I should like
to recognize and pay tribute to the efforts of two men who have played
major roles throughout the years. Wm. Edward Hole, Chairman of American
Aggregates Corporation, for many years was a director of this Association
and for much of this period was Chairman of the Zoning, Land Rehabili
tation and Stream Pollution Committee. It was under his leadership
that the pending problems of zoning were foreseen and the role of reclam
ation identified as an answer to these problems. Secondly, E.K. Davison
of Pittsburgh not only has been a director of this Association for over
20 years and President in 1960 and 1961, but Ed also has been Chairman
of the Public Relations Committee since its inception in 1955. It is
under this Committee that much of our Association's work has been accom
plished. We all are indebted to these two gentlemen for their untiring
efforts in our behalf.
Turning now to the individual operators and their plants, what has
been their response to the four changing factors affecting reclamation?
Exactly how much reclamation work is being accomplished in our industry?
Are we gaining or losing?
I had hoped that the most recent Land Use Survey conducted by the
National Sand and Gravel Association would give a clearcut answer, but
this is not the case. This latest survey shows that, for those responding,
reclamation was completed on land areas equal to 52% of the acres dug in
the same year. Reclamation work was reported still in progress on addi
tional land areas equal to 68% of the acres reported dug in the same year.
However, a discrepancy has been discovered in how individual operators
considered the water areas that were produced. In rechecking our
own company's returns I find that water areas were either placed in
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the "working on" category or were ignored altogether since the questions
were felt to relate only to final land surfaces. When you consider that
approximately 80% of our acres dug in Ohio result in lakes, you can see
that we were creating the erroneous impression that a substantial back
log of unreclaimed land was being built up, which certainly is not the
case since no further work is required on these acres of lakes. Perhaps
this matter can be clarified or treated uniformly in future surveys.
Meanwhile, it appears safe to say that the most recent survey under
states the percentage of land on which reclamation was completed and that
the total of land reclaimed plus that being worked on approximates the
acres dug in the same year.
In previous talks on this subject I have said that any sand and gravel
operation will fall into one of three categories as far as its reclamation
work is concerned. You might wish to evaluate mentally into which cate
gory your operations would fall. The first of these is the "don't give
a damn" operation. In this the operator may feel that he owns the land
and no one is going to tell him what he can do with it. He may have own
ed the land long before zoning came in, and he is not legally required
to do anything. He is in the gravel business, not the beautification
business. While most of us probably originated in this category, fort
unately most have now left it.
The second major type of operation is that where reclamation is per
formed as an afterthought. Through the years the operation is carried on
with no thought of reclamation. After the basic sand and gravel excava
tions have been completed, however, the scene is then viewed and reclama
tion work performed. Actually, much fine work has resulted from this
type of operation. It certainly is much better than nothing at all. My
only criticism would be that:
A.

It may be more costly thaid other methods.

B.

It may not be as attractive or remunerative as it might have
been.

C.

The operator and the public must look at it for a long time in
its unreclaimed form, and

D.

The owners may forego income which could have been derived on
an interim basis if the area had been reclaimed as they went
along.

A large number of sand and gravel operations probably fall within this
second category. As previously stated, I would not want to downgrade
this type of reclamation. Much of our corporation's early work would fall
within this category. The only feature is that the full potential is not
being realized.
The third type of operation is where reclamation is planned in advance
and performed concurrently with the basic processing. This is the most
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economical method and that which produces the greatest benefits over the
long run. As an aside, this principle was identified by Mr. Wm. Edward
Hole in a speech before this Association over 15 years ago. This method
reasons that waste materials and overburden usually have to be moved in
any event. It often costs little more to place them somewhere "on pur
pose" than it does to place them elsewhere "accidentally." Under this
preplanning, you may decide to work the outside edges of the property
first in order to allow their gradual reclamation while the heart of the
property is operated later. It also may be advantageous to go to the
far end of the property to begin operations, then retreating toward
the processing plant and reclaiming the area as you go. This may re
quire slightly more investment in roadways or hauling devices, but permits
reclamation and utilization of distant areas much sooner than would be the
case if you advanced slowly through the same, property. It is my hope that
the reclamation seminars scheduled for later this year will concentrate
on this aspect of preplanning reclamation. It is also my hope that most
of our industry's various operations soon will be character!zed as fall
ing within this third category.
In order to show its own work and assist the industry in promoting
reclamation, American Aggregates Corporation has printed a colored bro
chure entitled "Project/PARKLANDS." This booklet gives a good idea of
the many varied and attractive sites which can be produced as a by
product of sand and gravel operations. Over 10,000 copies of this bro
chure have been sent to our employees, customers and shareholders, as
well as to planners and public officials throughout this nation and
Canada. I have some copies available here now, and others can be furn
ished if you will address a letter to us at our Main Office, Garst Avenue,
Greenville, Ohio.
Viewed in perspective, reclamation in the sand and gravel industry
is not particularly difficult compared to other types of surface mining.
We usually have no problems of undesirable acids or chemicals. Over
burden usually is modest compared to the seam of mineral mined below.
The number of acres mined per year at a particular plant is usually rela-^
tively smal1, though the combined acreage across the nation does become
of relatively large significance. Where water can be produced, the surrounding land value is enhanced and the water surface requires no further
expenditure, Earth moving equipment often is available a portion of the
season which can perform some of the reclamation work at a reduced cost.
Plants often are located near population centers where land values
greatly facilitate the economic reuse of the sites. To summarize, our
job of reclamation is not nearly as. difficult as it would be if we were
in some of our sister minina industries.
I have attempted in these few minutes to show you how the several
factors affecting reclamation are changing rapidly, and how our industry
is responding to them. Viewed from year to year these changes may be
difficult to detect, but they certainly are evident when examined over
a longer period of time. I sincerely hope that all of you will agree
with me that reclamation of sand and gravel sites today is mandatory
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and must be accomplished promptly at all operations. If this is done,
we may yet be able to escape the pending legislation which would, at
best, make al 1 our operations much more difficult. We also would be
able to face the public and future generations saying, "We not only
provided our society with an essential raw material, but we left behind
us a terrain that v/as still useful and still productive. We recognized
our obligations and were faithful stewards of those lands entrusted to
us."
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Thursday, April 17 - Morning Session
Dr. Scott: The Chairman of the Session on Mine Safety is Mr. James K.
Richardson, Vice President of Copper Range Company, New York, New York
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MINE SAFETY
by
James Westfield
Assistant Director- Coal Mine Safety
U. S. Bureau of Mines
Washington, D.C.
ABSTRACT
During the last twenty years, we have witnessed changes in the
mining industry that would have staggered the imagination of the
past generation of miners.
New mining complexes are being constructed
throughout the country which are employing mining equipment, systems,
and procedures that, at best, were just recently only a concept. Signi
ficant gains are being made in both the productivity rates and total
mine production.
These improvements are certainly desirable and commendable, but
it is evident from a study of mine safety records that a corresponding
impressive improvement in mine safety has not been achieved. Although
there has been an overall improvement in mine safety, the mining in
dustry still has the highest injury rate when compared with the more
than forty other major industries. The recent publicity associated with
mine inundations, mine fires, mine explosions, and explosives accidents,
along with the health hazards of mine atmospheres, has precipitated,
and rightly so, demands from persons working in the mining industry and
the general public for real and significant improvements in mine safety
and health standards.
If the same type of desire, imagination, initiative, and effort
that has produced the mining complexes that we have today is focused on
mine safety, the desired improvements in mine safety can be accomplished
Through safety orientated mine management, well directed company
safety organizations, the use of properly designed and engineered
mining equipment, systems, and procedures with safety as the primary
consideration, the establishment of programs and systems that will
insure full compliance with Federal and State mine laws at all times,
and continued research in mine safety, we can make real and signi
ficant improvements in the industries' safety record. The mining in
dustry can become a leader in the field of safety through our combined
efforts.
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During the last twenty years, we have witnessed changes in the mining
industry that would have staggered the imagination of the past generation
of miners. New mining complexes are being constructed and put into
operation at an accelerated rate each year employing mining equipment,
systems, and procedures that, at best, were just recently only a concept.
Significant gains are being made in both the productivity rates and total
mine production, and the mining industry is experiencing a steady in
crease in the demands for its products.
These improvements are certainly desirable and commendable, but it
is evident from a study of mine safety records that a corresponding im
pressive improvement in mine safety has not been accomplished. Al
though there has not been an impressive improvement throughout the
industry in mine safety, some mining companies and corporations do have
an enviable safety record. Nonetheless, the mining industry, in gen
eral, has one of the worst fatal and nonfatal injury rates of the more
than forty other major industries.
The recent publicity associated with mine inundations, mine fires,
mine explosions, and explosives accidents along with pneumoconiosis
and radiation hazards connected with mine atmospheres has precipitated,
and rightly so, demands from within the mining industry and the general
public for real and significant improvements in mine safety and health
standards. Although disaster type accidents have been the catalyst
which produced the present concern over mine safety, the mine safety
record shows, as we in the industry well knov/, that accidents where
only one or, at the most, two individuals are involved cause the vast
majority of mine injuries. These injuries are usually the results
of accidents involving falls of roof, face, and ribs, handling mat
erial, machinery, haulage, electricity, and fal1ing material. There
fore, our concern has to be directed toward the prevention of all types
of mining accidents in order to improve the overall mine safety record.
Our free enterprise system has developed to the point where excel
lence is expected in all fields which includes the field of safety.
In our society, the safety and well being of the individual is the
first consideration in any endeavor. The old time worn cliche "vie
cannot afford additional mine safety and health standards" is no longer
acceptable. In fact, just the opposite is true. The mining industry
can no longer afford to accept its own safety record. The mining
industry must change the image that the public has concerning mine
safety in order to fulfill its potential as a growth industry.
People are the basic requirements in any industry and with the
demands now being placed on the labor market, the mining industry
is finding it increasingly difficult to attract new and competent
people to work in the mines, as people naturally migrate to what they
consider to be the better areas of employment. This trend must be
reversed or the mining industry can become stagnant or perhaps even
tually die through attrition.
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In order to improve the image of the mining industry, there
must be a drastic imorovement in our safety record. The logical
foundation for establishing an outstanding safety program has to be
a safety policy whereby safety takes precedence over all other con
siderations in practice as well as in fact. Reversing the public image
of mine safety is, admittedly, a challenge, but this image can be rad
ically changed through our concerted efforts. If the same type of
desire, imagination, initiative, and effort that has produced the mining
comolexes that we have today is focused on mine safety, the desired
improvements in our safety record can be accomplished.
Let us for a moment look at our mine safety record.
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Injuries--frequency rates per million man-hours in coal, metal, and nonmental
mines, 1948-1967, by kind of mine (excludes data for metal and nonmetal mills)
Coal
Year

Deep mines 1/
Fatal
Nonfatal

Surface mines
Nonfatal
Fatal

Grand Total
Fatal
Nonfatal

1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967 2/

1.15
.97
.94
1.19
.97
.96
1.10
1.06
1.11
1.30
1.26
1.11
1.29
1.34
1.34
1.28
1.12
1.21
1.06
.99

0.76
.39
.56
.51
.55
.38
.47
.56
.53
.45
.43
.42
.57
.39
.45
.53
.33
.39
.57
.52

1.11
.91
.90
1.13
.92
.90
1.02
1.00
1.03
1.17
1.11
.99
1.15
1.15
1.16
1.12
.96
1.04
.96
.89

61.95
57.69
54.77
52.77
53.26
49.38
47.98
48.10
48.88
49.23
47.94
44.90
46.09
48.19
48.88
48.62
48.35
49.09
46.84
45.04 2/

36.26
31.55
31.39
34.25
28.06
29.48
28.90
23.07
25.22
26.68
23.96
22.52
24.81
24.66
23.68
24.87
24.81
26.39
25.25
24.64

59.53
55.11
52.38
50.99
50.66
47.23
45.67
45.03
45.69
46.04
43.94
41.09
42.28
43.86
43.96
43.97
43.86
44.73
42.85
41.23

1/

Includes data on bitumi nous coal preparation plants for all years. and for 1948-56, includes data on
anthracite preparation plants

2/

Preliminary
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Metal
Year

Deep mines
Nonfatal
Fatal

1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967

0.72
.58
.70
.71
.94
.72
.74
.71
:s2
.62
.86
.95
.96
.60
.78
.55
.69
.68
.98
.95

56.45
57.99
56.07
53.52
52.61
50.68
48.45
54.22
50.15
42.50
41.19
42.41
45.40
46.78
44.26
45.62
44.34
42.87
43.64
42.47

Surface mi nes
Nonfatal
Fatal
0.39
.15
.21
.31
.21
.29
.46
.25
.18
.23
.19
.27
.31
.21
.26
.22
.26
.27
.22
.30

15.57
15.30
12.66
15.24
14.57
14.07
12.36
14.06
11.06
8.48
13.21
12.75
11.14
10.89
9.65
8.85
9.35
9.08
11.70
12.39

Grand Total
Nonfatal
Fatal
0.64
.48
.57
.60
.74
.59
.66
.58
.62
.50
.64
.73
.70
.46
.59
.42
.53
.52
.67
.68

47.25
48.07
44.74
42.81
42.13
39.36
38.27
42.62
37.91
32.03
31.95
32.62
31.71
34.07
31.42
31.66
31 .34
29.32
30.71
30.02
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Nonmetal
Year

Deep mines
Fatal
Nonfatal

Surface mines
Nonfatal
Fatal

Grand Total
Fatal
Nonfatal

1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967

0.52
.51
.59
.65
.37
.97
.26
.56
.30
.26
.74
.22
.63
.64
.73
2.27
.58
.87
.74
.46

0.57
.11
.82
.39
.70
.20
.39
.70
.80
.21
.27
.35
.46
.30
.25
.10
.45
.38
.22
.43

0.54
.37
.67
.56
.48
.72
.30
.61
.50
.24
.43
.30
.52
.42
.43
.95
.50
.56
.39
.44

45.66
45.79
50.46
53.70
48.11
57.94
39.23
40.83
37.38
35.09
43.52
42.96
46.60
36.88
42.64
39.64
37.96
39.20
37.49
43.09

36.93
33.88
30.16
27.63
25.90
22.40
19.58
30.89
20.48
20.04
18.89
21.48
19.16
17.45
20.80
17.72
17.33
18.70
20.05
18.58

42.33
41.75
43.51
44.84
40.44
46.54
32.34
37.18
30.50
29.36
27.56
29.50
28.69
24.24
29.06
26.34
25.18
26.19
25.80
26.83
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Manufacturing
Textile mill products
Lumber and wood products, except furniture
Primary metal industries

1966
13.6
10.6
36.1
15.0

1967
14.0
9.8
39.2
15.1

Contract construction

27.9

26.0

Transportation and Public Utilities
Local and interurban passenger transits
Electric, gas, and sanitary utilities

23.5
5.5

23.9
5.6

Wholesale and Retail Trade

1,1.9

11.2
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It is evident that there has been very little improvement in the
fatal frequency rates for coal, metal, and nonmetal mines during the
past twenty years. There has been a steady improvement in the non
fatal frequency rates, but our present frequency rate is still high
when compared to the nonfatal frequency rates of other major in
dustries .
As previously stated, humanitarian considerations have to be,
and I am sure we will all agree, the first consideration in any en
deavor. The avoidance of suffering, the destruction of health, and
loss of life are the overriding factors that must be considered first
by any responsible industry. Regardless of how we look at it, mine
accidents are destructive. They are accompanied by human suffering
and loss, and they will destroy efficiency and productivity. The
needless destruction of life, health, and physical well being is
morally unacceptable by the standards of values we deem important.
It may be states secondly that safety and efficiency are in
separable in the achievement of continued operating success. A good
safety record will improve morale, promote better employee and public
relations, reduce absenteeism, improve productivity, and in the final
analysis improve the overall posture of the mining industry. It is
obvious, we will all benefit by an improvement in mine safety, and
to improve mine safety, we must provide conditions of employment that
are creditable to mine employees, as well as to the mining industry.
Through safety orientated mine management, well directed company
safety organizations, the use of properly designed mining equipment,
systems, and procedures, the establishment of programs and systems
to insure full compliance with Federal and State mining laws, and
continued research in mine safety, we can make the desired improve
ments in working conditions and eventually mine safety.
In the final analysis, accountability and responsibility for mine
safety rests in the hands of top mine managers. Although top mine
managers operate and function through staffs, they have to establish
goals, provide the facilities, materials, and personnel, and initiate
policies. They must, for the sake of success, establish the overall
intent of their policies. This is particularly true when establishing
a mine safety policy.
It is sincerely felt that a mine safety policy based on the
proposition that safety takes precedence over all other consider
ations is needed throughout the mining industry. This policy along
with top management's demonstrated intent that the policy will be
followed in actual practice is the basic foundation required in
building an outstanding safety record. Top management can display
its intent tov/ard safety by providing adequate facilities, materials,
and personnel, by directing and supporting all supervisors in their
safety duties, by signed safety letters and messages to employees,
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and through everyday conversations. When employees are convinced
that safety is the first consideration, they will have a natural
tendency to think and work safely.
A well organized and directed company safety department that is
accountable only to top management is essential in the type of mining
we have today. Mining equipment, systems, and procedures are more
complicated and mining operations are geared to fast extraction and
mass handling of large quantities of material. This type of mining
requires the services of a full time mine safety department staffed by
persons with knowledge, abilities, and interests in mine safety. Nat
urally, the size of the mining operation will dictate the size of the
safety department. Some of the most important areas of responsibil
ities that should be assigned to a safety department are as follows:
1.
Establish a systematic training program for potential super
visory personnel, and maintain a current and active training program
for all levels of supervision.
2. Establish training programs for new employees and fOllow-up
training programs for all mine personnel. Federal and State training
courses in first-aid, mine rescue, and accident prevention should be
used to supplement company presented courses and on the job training.
An all out effort to obtain 100 percent participation should be made.
3. Establish a job safety analysis program and instruct all
employees in the safe way to perform their work. When different types
of equipment, systems, or procedures are put into operation, all em
ployees involved should be instructed concerning the safety aspects
that will be involved.
4. Establish and maintain emergency procedures and instruct all
employees in emergency procedures.
5.

Train and maintain mine first-aid and rescue teams.

6. Establish mine and plant inspection procedures and make
formal reports concerning these inspections.
7. Establish accident investigation procedures, investigate
accidents, and make recommendations to prevent similar accidents.
A follow-up program should be initiated.
8. Establish and maintain accident records and applicable
injury statistics.
9. Establish programs to recognize outstanding safety records
of individuals and groups.
10. Participate in company, industry, and governmental safety
meetings, and make an effort to be informed of new or improved safety
devices or procedures.

137

11.

Promote safety through safety literature, posters, and slogans.

Although a mine safety department should be accountable only to
top management, the department should work with and through local mine
management. The interest and cooperation of all levels of management
is needed to obtain the desired results from a safety program.
The use of properly designed and engineered mining systems, equip
ment, and procedures with safety as the primary consideration is essen
tial for an overall improvement in mine safety. In the design of a new
mine or in the development of an existing mine, the system of mining
should be compatible with seam conditions and the extent of the area
to be mined.
Mining systems that are used without due consideration to seam
conditions or the extent of the area to be mined can produce safety
problems in areas, such as, ventilation, transportation, or roof control
It may become difficult to keep intake air, return air, and transpor
tation entries open, and to ventilate face areas. In all cases, the
system of mining should be developed on the basis of safety in relation
to inherent seam conditions and the extent of the area to be mined.
The size and type of mining equipment employed should be based on
the safe operation of the equipment in connection with the system of
mining required. If seam conditions, such as a roof control problem,
dictates a narrow entry system of mining, then the size and type of
the mining equipment must be compatible with the narrow entries and
safe operating procedures. Also, the size and type of mining equip
ment should not interfere with ventilation and roof control procedures.
All phases of mining are interconnected and the overall mine opera
tion must be developed with safety as the first consideration. We
cannot afford to consider mine safety a hit or miss proposition any
more than production can be considered a hit or miss proposition.
Programs and systems must also be developed for each mine which
will keep the mine in a safe operating condition at all times. For
these programs to be effective, they must be an integral part of every
work cycle. Let us for a moment consider some examples:
1.

Ventilation

A ventilation system that will insure positive ventilation through
out the mine must be used along with a system of active bleeder entries
to prevent the accumulation of flammable or harmful gases within the
mine. Auxiliary fans, line curtains, or other approved devices must be
used systematically to provide positive face ventilation at all times.
2.

Loose coal and coal dust
A systematic program must be established along with the other
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operating work cycles to keep loose coal and coal dust from accumulating
in the mine.
A system of water infusion into the seam and/or water sprays,
using a wetting agent, installed on all cutting machines, loading m a 
chines, continuous miners, conveyor installations, material transfer
points, and along track haulage entries should be seriously considered
to help control mine dust. Coal dust must be controlled to have an
acceptable mine atmosphere and to prevent float coal dust from settling
throughout the mine. Conveyor entries and material transfer points
must be isolated from high velocity air currents.
3.

Rock dusting

A system of keeping the mine adequately rock-dusted at all times
must be initiated. Wet rock dusting in working areas and the use of
continuous rock-dusting equipment in return air entries and along
conveyor entries is a system that deserves consideration.
4.

Mine equipment

A preventive maintenance program must be established to keep mine
equipment in a safe operating condition at all times. A positive
ground fault system for D.C. equipment and a continuously monitored
ground system for A.C. equipment must be used. A lock-out program
should be initiated when repairing electrical equipment. Methane moni
tors should be installed on equipment that operates in the immediate
face areas of gassy mines.
Good programs and systems will also eliminate a considerable amount
of wasted time, labor, and materials. Poor, inadequate, or unplanned
work will almost always result in doing the same job a second or third
time.
The mining industry has proven by past examples that programs and
systems can be developed to effectively combat problems within the
industry. Not too long ago, silicosis was a dreaded occupational
disease in the matal mining industry, but through an intensive study,
programs and systems were initiated and adopted to control the silica
dust which produced this lung disease. The hazards of exposure to
alpha radiation are now being brought under control in the uranium
mining industry. Through better ventilating systems and mining methods,
the standard that no employee shall' be permitted to recieve an exposure
of more than 6 working level months in any consecutive 3 month period
and no more than 12 working level months in any consecutive 12 month
period of radon daughter atmospheric concentrations is now being estab
lished.
When a new problem occurs or when a problem is first recognized in
the mining industry, the industry, in many instances, is too quick
to reply that a solution to the problem is impossible or impractical,
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but in the fianl analysis, we can find ways and means to solve our
problems.
It should also be mentioned that all mining organizations should
encourage and support continued research in mine safety. There are
many areas, such as, mine ventilation, dust control, roof support, and
mining equipment where continued research from the standpoint of safety
is needed.
As we all know, mine safety is a complete field of study within
itself, and at best, we have only been able to briefly discuss the
subject. An attempt has been made to stress the need for an improvement
in mine safety and to present a few thoughts on some areas that need
to be considered in order for us to improve our mine safety record.
By making safety the first consideration in our overall concept of
mining, we can make the needed and desired improvements in our mine
safety record.
In conclusion, I would like to express my appreciation for the
opportunity to participate with you in this mine environmental con
ference. Thank you.
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COMMENTS
QUESTION: I have a question for Mr. Cook. I wondered whether you have
any statistics on just where accidents take place. I think I read
a figure a few years ago that something like 70% of the accidents that
take place were within 30 feet of the actual mining face. Is this still
true?
ANSWER: That is still pretty much true - within 25 feet of the working
face. I'm not giving it as a definite figure, but I feel sure it's
within that range.
QUESTION: Mr. Cook, in regards to this concentration of accidents near
the face, do we also have a concentration of workers near the face.
ANSWER:

That's true.

QUESTION: You realize the roof is much more dangerous before you can
get some control under it. Have they gone any further in this statis
tical examination of accidents in relation to the concentration of work
ers as to different types of accidents in relation to the nearness of
the face? Accidents can only happen where people are.
ANSWER: This is true and to answer your question, I really don't know
whether they have or not. But I do know that most accidents in coal
mining which I'm more familiar with happen beyond roof support.
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DUST CONTROL IN UNDERGROUND MINING
by
James C. Gilliland
Director of Environmental Control
Climax Molybdenum Company
Golden, Colorado
The topic of my presentation is "Dust Control in Underground
Mining." There are, of course, several distinct aspects to this sub
ject including those of ventilation planning, medical control programs
and the techniques employed in evaluating the amount of dustiness in
work environments. This presentation will deal with this last aspect,
that of dust evaluation techniques, an evaluative function that pro
vides much of the basic information source for the planning and
conduct of appropriate medical and ventilation control programs.
Further, in that standards of dustiness, as well as for other occu
pational exposures, are fast becoming part of the regulatory function
of various federal and state agencies, it becomes increasingly
important to pay attention to the proper structuring of these require
ments as well as to the manner by v/hich compliance with these require
ments may be shown.
Throughout this presentation, when using the term "dust", this
refers to the type of dust having the capacity for producing a lung
condition known as silicosis. Quartz, chert, sandstone, crystobolite
and other dusts wherein the free crystalline silica (Si02 ) is uncom
bined with other chemicals or minerals are those of concern in this
respect.
It should be mentioned, however, that this is just one of a multi
tude of occupational exposures of concern to the mining industry. In
addition to a variety of dusts, gases, vapors and mists, there are
such physical agents as heat, noise and illumination which may effect
human life, health and safety. Some of the considerations that will
be reviewed with respect to dust evaluation have application to the
evaluation of many of these other potential exposures.
Silicosis has been known for centuries and modern control
measures have been used since the 1930's. It continues, however, to
be an important occupational disease. The exact mechanism responsible
for this lung condition is not understood completely but a number of
facts regarding silicosis have been well established. The probability
of getting silicosis varies with a number of factors, the most impor
tant being:
1.
2.

The concentration of dust in the air
The percentage of free silica in the dust
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3.
4.
5.
6.

The duration of exposure
The size of the dust particles
The presence of other dusts, and
Individual susceptibility; a subjective expression which appears
to be used in this instance, when objectivity fails to disclose
a satisfactory cause-effect relationship. Someday, no doubt,
medical research will be able to identify specific biological
aspects that account for this individual susceptibility. When
this time comes, it may be that, in addition to controlling the
environment, this factor of worker selection will assume an
expanded role in the prevention of silicosis.

A dust evaluation program, therefore, implies the use of dust sampling
instruments and techniques to assess the character of the airborne dust.
What factors must be considered in selecting the type or types of sampling
equipment for this purpose?
First we must recognize that there is no sampling instrument that
takes into account all of the possible variables relating to dust deposi
tion in the human respiratory system. At best, therefore, a single
sample will provide an estimate of potential exposure at that particular
moment of time rather than an index of actual respiratory deposition.
We must also concern our selection with the portability, reliability
and durability of field sampling equipment and the capability of ac
quiring samples representative of human exposure without interfering
with the normal work pattern or compromising the personal safety of
the worker under study or of the technician performing the study.
Another consideration is that under industrial conditions, the sample
environment is not stable with respect to either space or time. Fluc
tuations are more likely to be the normal circumstance rather than the
exception and knowledge of the fluctuations may be essential to ventila
tion control planning or as a measure of the hygienic significance of
the exposure.
Further, we will need more than one type of sampling instrument since
there is no single instrument that has the capability for practical,
routine field evaluation of dust concentration, particle size and free
silica. The only available instrument which attempts to hold forth
the potential for evaluating these three parameters from a single sample
is the Cascade Impactor, but it has important limitations. For special
studies, the application of laborious microscopic techniques might
provide some data on all three parameters from a single sample but
these techniques are impractical for a routine program.
Probably the single most important requirement is that the sampling
program has the capacity for giving results which can be compared with
recognized guidelines such as the Threshold Limit Values promulgated by
the American Conference of Governmental Industrial Hygienists.
This Threshold Limit Value for Siliceous dusts is a time weighted
average exposure referable to each individual worker which infers know
ledge of worker occupancy time as well as the dust status within areas.
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This time weighted exposure value may be arrived at by summating the
average dust concentration during each work activity with the time spent
by the worker in performing the activity. In some instances, it may be
possible to establish the average dust concentration subtended over a
sequence of operations whereupon this concentration value would be equated
with the worker time spent in accomplishing this sequence. Most recently,
attention has been given to the use of personal or breathing zone samplers
whereby the equipment is attached to the worker himself permitting the
continuation of sampling throughout all or a portion of the work day.
One obvious advantage of this method is that the need for time study data
during the sampling period is greatly minimized. There are, however,
other important factors concerning the suitability of this procedure
which will be described later in this presentation.
At this point, therefore, it should be clear that:
1.

In light of the variable response of the human respiratory
system to dust exposure, the instability of the environmental
level of dustiness, the errors involved in time study data
and other uncertainties and variables, there is no need for
great accuracy in dust determinations. Effort to obtain
accuracy greater than that which is necessary to give the
needed and useful information is impractical.

2.

The Threshold Limit Value for siliceous dust is an expression
of time weighted average exposure to an individual worker.
This suggests that we expect single sample values both greater
and lesser than this average value. This in turn suggests a
statistical approach in the development of a dust evaluation
program particularly when it becomes necessary to have such
information for comparison with regulatory requirements. I
will return to this statistical aspect after discussing the
present and proposed alternate TLV for siliceous dusts.

(and)

The present TLV was developed from data obtained using the familiar
impinger type collecting system and optical evaluation technique.by
low power, light field microscope. For this impinger system, air is
impinged at a high velocity against a glass plate which is immersed in
an absorption medium. The dust particles are momentarily arrested by
the impinging process, are wetted by the water or the absorption liquid,
and thus are trapped. Subsequently, a portion of the absorption liquid
is transferred to a counting cell and the number of dust particles within
a known volume is counted with the aid of a microscope. There are a
variety of counting cells that can be used. At our operations, we use
a Spencer Haemocytometer cell which, as the name suggests, is also used
for counting blood cells.
Knowing the sample flow rate and the time interval over which the
sample was taken, this count is translated into an expression of airborne
dust concentration in terms of millions of particles per cubic foot of
air. Each separate sample usually encompasses a 5-10 minute sampling
period. Dust particles larger than 5 microns are not included in the
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microscopic count and due to possible solubility of the dust in the
collecting solution, the sample counts should be performed within 24
hours subsequent to sampling. Correspondingly, the range of particle
sizes is between the resolution limit of the microscopic system (about
0.7 microns) and 5 microns. Although the collection efficiency of the
impinger itself rapidly diminishes for particles less than 1 micron,
this is of little concern since the microscopic system would not
see these particles even if collected. If it may seem rather appal
ling that such instrument and optical inefficiencies are tolerated,
one must remember that these are the techniques used in studies, dating
back more than 25 years, in which the health status of workers has
been correlated with their occupational exposure to dust, these studies
being, as previously stated, the basis for the present TLV. There are
investigators who substitute a molecular filter type device for the im
pinger and this method of sampling is particularly useful when size
distribution as well as the number of particles is to be determined.
Further, by having the sample on a filter rather than in a liquid med
ium, the dust count can be progressed at any convenient time. For the
comparison with the TLV, these methods give similar results since the
same optical system is the limiting factor.
The remaining fragment of information necessary to arrive at an
exposure index for comparison with the TLV is the amount of free silica
in the dust. Since relatively greater sample amounts are needed for
the chemical or X-ray diffraction quantitation of free silica, the
sampling instrument is usually a high volume device. So-called "rafter"
or settled dust samples are rarely typical of the airborne dust frac
tion and use of same should be avoided.
This, therefore, is a brief sketch of the techniques used to
determine a worker's exposure status with respect to the present
Threshold Limit Value. Slide 1 shows the present and proposed Thres
hold Limit Values by the ACGIH.
In its 1968 Notice of Intent, the ACGIH has proposed an alterna
tive TLV for siliceous dust based on size selective gravimetric techni
ques where the sample is collected on a filter.
As previously indicated, there are some important features con
cerning the suitability of this technique. For example, using the
impinger technique for a full shift occupational exposure study on a
worker, one full day could be occupied in taking the necessary samples
and at least one additional day spent in counting the samples and
integrating these counts with the time distribution data. The gravi
metric filter technique would allow this same study to be expedited
by attaching the sampling instrument on the worker under study thereby
obtaining a continuous sample throughout his work performance with
interruptions of sampling only as necessary to accommodate the flow
rate performance of the portable suction pump. Subsequent to sampling,
the filters would require only a standardized weighing procedure and a
simple summation to express this full shift exposure. As an area
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ACGIH THRESHOLD LIMIT VALUE FOR CRYSTALLINE FREE SILICA DUSTS

PROPOSED (ALTERNATIVE)

PRESENT
rtz^ calculated from formula:
MPPCF^ =

250
%S 10^+5

Quartz, calculated from formula:
(1)

TLV for respirable dust
mg/ 3 =
m

e:
(1)

(2)

MPPCF = Millions of particles per
cubic foqt of air^ based on impinger
samples by light-field techniques.
The percentage of crystalline free
silica in the formula is the amount
determined from air-home samples,
except in those instances in which
other methods have been shown to be
applicable.

10
% Respirable Quartz + 2

Both concentration and per cent quartz
for the application of this limit are to
be determined from the fraction passing
a size-selector with the following char
acteristics :
Aerodynamic Dlameter^d^J
(unit density sphere)

7o Passing Selector

Z 1
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5.0
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0
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mg/ 3 =
m

30
7o Quartz -I- 2
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sampler, furthermore, a number of these devices mounted at fixed
locations would have the potential for giving a great amount of gen
eral dustiness data with relatively little effort.
The major deterrant to extensive use of size-selective gravi
metric sampling appears, therefore, to be the absence of a hygienic
limit expressed in gravimetric terms that has an appropriate rela
tionship to the TLV derived from count techniques. This relationship
has been under study for several years and in 1967 it was reported,
from studies performed in the Vermont granite industry, that 10 MPPCF
of granite dust will give 0.1 milligrams per cubic meter of free
crystalline silica in the respirable fraction. Correspondingly, based
on this observation, formula 1) of the proposed alternative TLV was
derived (refer to slide). Formula 2) arises from several studies in
dicating a percentage of quartz in a gross sample of airborne dust to
be about 3 times that in the respirable fraction. Hence the factor of
3 and it should be noted here that these are studies on foundry dust.
Other investigators have stated count-weight relationships different
than this 0.1 mg per cubic meter being equivalent to 10 MPPCF. In 1943,
for coal dust, when the weight was confined to the fraction of dust
smaller than 5 microns and the count to particles greater than 1 micron,
this relationship was expressed as 0.1 mg. per cubic meter as equivalent
to 6.5 MPPCF. In 1967, also for coal dust, an impinger vs size-selective
sampler study gave the relationship as 0.1 mg. per cubic meter being
equivalent to 5.6 MPPCF. Yet another report, on "typical mineral dusts"
with a mass average size of about 3 microns and a median count size of
about 1 micron, expresses this relationship at 0.1 mg. per cubic meter
equivalent to 0.85 to 1.4 MPPCF.
Correspondingly, even though there is a great appeal to this
relatively uncomplicated procedure, it would be unwise to blindly adopt
it unless its suitability is well established for the type of dust oper
ations involved. This caution is particularly pertinent in that, in
this age of regulatory urgency, the dust evaluation results may be the
focus of a possible enforcement action.
Slide 2 shows one type of size-selective mass sampler. Samples
for the % respirable free silica would require a separate instrument
such as a horizontal elutriator developed by the British Medical Re
search Council or its equivalent. One other disadvantage that I might
mention to this method when used as a personal sampler is that unless
the worker wearing the sampler is closely supervised, the results
therefrom could be significantly altered, either intentionally or unin
tentionally by the worker. For example, if a certain level of cumula
tive calculated exposure ever became an index of whether or not a
worker would be allowed to continue in employment, an unattended worker
could elect to manipulate the sampler results in line with his particu
lar motivation.
Turning now to the role of statistics in a dust evaluation program,
it seems to me that statistical concepts are the only way that we
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can attempt to scientifically deal with such questions as: How shall a
program of obtaining data be planned so that reliable conclusions can
be made from the data? How shall the data be analyzed? What conclusions
are we entitled to draw from the data? And finally, how reliable are
the conclusions? At least some semblance of statistical concern removes
some of the arbitrariness from data collection.
It should be re-emphasized that the TLV for siliceous dust is a
time weighted average exposure value for an individual worker and there
fore, if our data is to have some comparative value with respect to the
Threshold Limit, our program must have some rational basis upon which
to predicate its design or to express the results therefrom. This is
particularly true where the problem is that of long-term exposure to
relatively low levels such as modern day exposures to siliceous dusts.
Statistics has been defined as the art and science of dealing with
variation. A statistical analysis of a set of sample numbers permits
us to learn something about the main features of these set of numbers___
their average, how much they vary from one another, etc.....for the
purpose of making inferences about the universe from which the samples
were taken. Once we think we have a "reasonably" accurate description
of the situation, we can then begin to plan what ought to be done (per
haps nothing) to change it in some direction or other to serve the pur
pose at hand.
We are not interested in accumulating any more data than
necessary to develop this inference and statistics may tell us how much
data appears necessary.
The most difficult decision is the determination of what is an
acceptable, reasonably accurate description of the situation. How great
an error are we prepared to accept and over what minimum period of time
is this error to be applicable? In what percentage of instances can
we anticipate that our average will be beyond these limits of error?
These are important questions that need answering. If we select a
time baseline of one year, is an error of ± 50% of the true average
exposure acceptable? What is an acceptable probability, that our an
swer will be within these limits .... in 95 out of 100 times, 90 out of
100 times? After all, it should be clear that even the most comprehen
sive sampling program is incapable of producing an irreproachable,
absolutely accurate exposure value referrable to any individual worker
and this limitation should receive recognition when accessing the suc
cess or failure of complying with the Threshold Limit Value. In fact,
the Threshold Limits Committee of the American Conference of Govern-^
mental Industrial Hygienists, under whose auspices the Threshold Limit
Values are issued have voiced serious concern about the possible misuse
of these values and have repeatedly recommended against their adoption
in legislative codes and regulations.
Secondly, we must decide on a plan for obtaining the data necessary
for providing information within the context of the acceptable error
endpoints of our first decision. We recognize the impossibility of
directly studying each worker's exposure on an individual basis with any
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reasonable degree of frequency and therefore must try, wherever possible,
to make our sample values reflective of potential exposures to workers
other than the one being immediately sampled. This may mean that our
sample will reflect certain job operations, work patterns, or work loca
tions or other categorizations which have some common application to a
number of workers. The frequency of sampling, within whatever categori
zation is decided upon, can therefore be statistically determined so that
the accumulation of the time-concentration dependent elements referrable
to each individual worker will permit an estimate of his time weighted
average exposure within the limits of acceptable error.
It is beyond the scope of this presentation to become further in
volved in the fundamentals of statistics. In this highly complicated
and regulated society of today, however, the science of statistics has
an important, and possibly, a necessary role, even in such problems
as the design of dust sampling programs.
There are two federal agencies involved in the regulatory phase
of occupational health - the Department of Labor and the Department of
Interior.
The Department of Labor has promulgated their regulations under the
authority of the Walsh-Healy Act. Correspondingly, the regulations
apply to contractors with the federal government whose supply contracts
exceed $10,000 per year. These regulations were to be effective as of
February 17 of this year but this effective date has been deferred to
May 17 by the new Secretary of Labor. I understand that the Department
of Labor is considering modification of the sections on occupational
noise exposure and Threshold Limit Values but I have no information as
to the content of these possible changes.
The Department of Interior's regulations are still in the proposed
stage and May 1, 1969 is the deadline for any interested person to sub
mit comments or for persons who may be adversely effected to request a
public heairtilg on designated parts of the regulation. It is a sure
bet that the Department of Interior will receive a great amount of mail
in this respect. The Department of Interior's regulations are promul
gated under the authority of the Federal Metal and Non-Metal lie Mine
Safety Act and according to the Act they will become effective one
year after the date of publication of notice in the Federal Register.
This notice was published on January 16, 1969. The regulations are
applicable to essentially all mining operations, except coal mining, and
the next sequential stage of milling processes, such as the processing
t€ concentrates. Smelting or other processing to metal or near metal
forms does not appear to be included within the jurisdiction of the
regulations.
Insofar as the Threshold Limit Value for siliceous dust in concerned,
both documents incorporate, either by reference or within the document
itself, the present TLV and proposed alternate TLV of the ACGIH which
were shown on the first slide. In neither document, however, is there
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wording to the effect that the TLV should be used in accordance with the
intent of the concepts described in the preface section of the ACGIH
publication. In that the ACGIH has included this admonishment in their
TLV publication, it seems appropriate that the federal regulations should
refer to the entire publication so that there is no misunderstanding as
to the true stature of the Threshold Limit Value.
Mr. Chairman, this concludes the prepared portion of my talk. I
will be glad to attempt to answer any questions at this time or later
if this is your preference.
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COMMENTS
QUESTION: I'd like to ask Mr. Gilliland if his company requires the
miners to take an x-ray examination periodically?
ANSWER:

On essentially a yearly basis after they reach a certain age.

QUESTION: Has there been any attempt to correlate the results of the
x-ray examination with the dust count?
ANSWER: Yes, of course, it is pretty difficult to try to come up with
definite answers.
QUESTION: Have you reached any rate or average?
ANSWER: At present we have a very eager young doctor who is putting this
all on IBM right now.
QUESTION from another conferee: I'd like to ask if you have any answers
or opinions or ideas as to why the differing trends in the fatal frequency
rate and the non-fatal frequency rate.
ANSWER: No, I have nothing really substantial. We hope there has been
an improvement in the non-fatal frequency rate, We also wonder if
there could be something in the reporting of the non-fatal in the manner
in which they're handled at the local company level. But I have nothing
specifically.
QUESTION: Mr. Gilliland, I'd like to know what kind of dust loadings you've
come across in the mining industry and what type of efficiency of collection
or reduction that you are planning for these things?
ANSWER: Of course, you can run across high levels now and then. I'm
talking about occupational exposures. I'm not talking about air pol
lution as such. This is on-sight type of work and if a workman collars
a hole dry you can get into dust counts that are billions, 500 million
very easily. If he uses normal precautionary techniques you can pretty
well hold your average dust count well within say 5 million particles
per cubic foot. This is our design criteria.
QUESTION: At the present time what are the particle size criteria that
are used for determining what you consider harmful?
ANSWER: We have not gone over to the gram-metric type of device. You
probably sensed that I was a little critical of it. It's a one count
technique. You automatically reject any particles in the count that
are greater than 5 microns. There are not many of them anyhow and the
limits of the optical system used doesn't see any particles below say
7/10 of a micron so we're dealing with particle sizes between 7/10 of
a micron and 5 microns.
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QUESTION: What does the doctor say is harmful?
ANSWER: Well, I don't know exactly how to answer your questions, what
the doctors say. Their knowledge is gaining from these basic epithemialogical studies. I image they would tend to agree with this cutoff
of 5 microns as the particles larger than this would not generally be
respirable. Of course, no matter what the doctor says if we can't see
the dust with the microscopic system we're using it doesn't really matter
much what he says in that particular case.
QUESTION: Mr. Gilliland, it's asserted that the 3 milligram per cubic
meter standard that's being talked about in connection with coal dust
is based upon statistics that come from the British experience. We
now hear about Czechoslovakia, Poland and Yugoslavia, would you comment
a little on taking the foreign experiences as a basis in coming up with
standards in the conditions in this country?
ANSWER: I am not too familiar with the coal dust standard. We're not
in the coal business so I am not too concerned with this but I think I
did make a definite point on my talk that our present threshold limit
value is based on human experience on epithemialogical studies made in
the United States with the type of equipment that we accomodate within
the United States. You have to be very cautious in adopting any other
instrumentation or any other standards where they don't have this
wealth of background experience. I hope this avoided answering your
question properly.
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PROCEDURES FOLLOWING MINE FIRES AND EXPLOSIONS
by
W. R. Park
Health & Safety Division
U. S. Bureau of Mines
Mt. Hope, West Virginia
Well organized, orderly recovery operations following mine fires
and explosions do not occur just by chance. Such grganization has
resulted from thoughtful preparation and effort by those in authority
at a mine in developing procedures to be followed in the event of a
fire or explosion. Although recovery operations following such occur
rences may be different at each mine, there are many general rules and
practices that should be followed.
Several years ago, an explosion occurred in a mine in southern
West Virginia; 22 men died in that disaster. Recovery work was oderly, well organized, well handled, and presented a minimum calculated
risk to those performing the operations. The good organization and
effective handling of the job, particularly by company officials,
doubtless resulted from the fact that they were experienced. This
disaster was the third that had occurred in the company's mines in
slightly less than 2 years. While we naturally deplore the circum
stances that gave this company its experience, it is clear that some
thing important was learned from each emergency. Hopefully, the day
is not far off when we will have learned enough to prevent disasters
altogether.
In contrast to the performance in connection with that disaster
were the events surrounding an explosion that occurred the following
day in a mine in central West Virginia near Summersville. Recovery
operations at this mine were completely chaotic. The superintendent,
assistant superintendent, and the acting mine foreman were underground
when the explosion occurred. The superintendent and the assistant
superintendent were killed, and the acting mine foreman exhausted
himself underground attempting recovery operations. The general mine
foreman, who was off duty and out of the State, did not learn of the
explosion until the next day. Therefore, company officials with
authority were not immediately available, and officials from other
mines of the company did not arrive on the scene until late in the
evening. Neighboring mine officials arrived at the mine shortly after
learning of the disaster and these officials helped in every possible
way; however, they had practically no experience with recovery work.
The mine is reached by one narrow mountainous road, and hundreds
of people arrived at the mine during the first several hours after
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the explosion. These people more than used all of the parking space
available, blocked the road so that it was almost impossible to get to
and away from the mine , and converged on the mine offices and other
buildings until it was almost impossible to reach the mine openings, the
buildings, or supplies . Furthermore, this crowd of people made it very
difficult to converse with mine personnel, the recovery groups, and
underground personnel. The crowd also hindered the collection of supplies and materials as well as the moving of such supplies and materials
underground.
Underground recovery operations were slightly better organized,
but overall direction of the underground v/ork was not firm, and con
tact between the underground workers and surface people was extremely
difficult. Although this explosion occurred during the morning of
October 28, when Mr. Westfield and I arrived on the scene late in the
evening, we found that overall recovery operations were in chaos, re
covery v/ork was poorly organized, and far too many people, including
widows and children of the victims, were in the mine yard and buildings
Before going underground, v/e made some progress in having the surface
activities controlled by having the mine yard roped off and patrolled
by police officers, who after considerable difficulty were able to
keen spectators out of the roped-off area. Company officials and State
and Federal insoectors were assigned specific necessary duties on the
surface, and underground many people were sent to the surface. Re
covery operations were then planned and outlined and individuals were
given specific duties and responsibilities.
Each of us here today likely believes and certainly hopes that
neither a fire nor an explosion will occur in our mine; however, they
do occur occasionally in even the best managed, well-maintained mines
and when they do occur, particularly an explosion, the following steps
must be taken promptly. If you are the highest man in authority at
the mine when you learn that an explosion has occurred underground,
vou should immediately:
1. Have the main fan or fans checked to see that they are oper
ating satisfactorily and keep v/hatever men are necessary at the fans
to see that they stay in operation constantly. Repair any damage to
the fan explosion doors or air duct.
2. Have the mine electrician or some other qualified person de
energize the mine electrical circuits and be certain that the discon
nect switches are locked open or stay open until such time as those in
authority deem it safe to reenergize the underground power lines.
3. Contact all underground working sections and other people
underground, advise those you are able to contact to begin moving to
the surface or to remain in-the section and barricade themselves, or
to take whatever actions is indicated by the circumstances and your
conversation. Certainly, if the explosion is local or confined to one
or two sections, you will not be able to contact these areas but will
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be able to contact other working sections of the mine. Advise the
underground personnel you are able to contact of all the details you
know concerning the disaster and advise them on how they are to travel
to the surface and on which escape routes they can most likely travel
with the greatest degree of safety.
4. Notify higher local company officials of the occurrence, give
them as many details as possible, and either notify all other high
company officials or arrange to have some other person do so.
5. Notify or arrange to have notified local State and Federal
inspectors as well as the main offices of the State and Federal in
spectors. Notify or arrange to have law enforcement authorities ad
vised of the disaster and request their assistance in keeping highways,
parking areas, and the mine yard free of spectators and other people
v^/ho are not essential to the recovery operations. Prepare or arrange
to have prepared rooms for a first-aid station and a rescue station.
Check or arrange to check first-aid supplies and stretchers. Arrange
to obtain additional supplies if needed.
6. Arrange to alert mine rescue teams if they work on other shifts
or rescue teams from neighboring mines of the company or other company
mines in the area. Assemble or arrange to have assembled mine rescue
apparatus and equipment. Establish immediately a preliminary plan of
underground recovery operations, and if you are unable to lead this
group, appoint the best qualified man available to be in charge of the
recovery party. Outline the preliminary recovery operations as much
as possible and arrange to have continuous contact between the recovery
party and the surface by telephone or by whatever other means that are
available. Alert or arrange to alert doctors and ambulances of the
disaster and the possible need of service.
7. Establish some type of public relations and information service.
Immediately after information of the disaster becomes available to the
news media, newspaper, TV, and radio representatives will begin arriving
on the scene.
a. A capable individual should be appointed to represent the
company and give the news media information as it becomes
available.
b. Telephone calls by the hundreds will begin coming to the
mine from people requesting information concerning husbands,
sons, brothers, and relatives; also, neighboring mine officials
as well as mine officials from hundreds of miles away will call
offering personal assistance as well as assistance in supplying
materials and equipment.
8.
Arrange to have employees needed for immediate underground work
report to the mine as well as arrange to have personnel for succeeding
shifts.
Arrange to provide the necessary tools and equipment for re-

157

covery operations, such as saws, hammers, axes and brattice cloth.
Where such tools and supplies are not immediately available at the mine,
arrange to have them brought to the mine from other company mines,
neighboring mines and warehouses. Arrange to have such supplies and
materials stored and distributed by competent personnel. Arrange for
food and perhaps housing for mine rescue teams and other members of the
recovery parties when necessary. Arrange to furnish transportation for
rescue teams and other members of the recovery party where necessary,
Arrange with the engineering department to have prints of the sections
of the mine affected by the disaster available in large numbers, par
ticularly for the members of the recovery parties. Establish a positive
check-in and check-out system and maintain the check-in and check-out
system throughout the recovery operations.
9.
If adjoining mines are interconnected with the disaster mine,
the adjoining mine officials should be advised of the disaster so that
employees in the adjoining mine may be withdrawn to the surface if
necessary.
UNDERGROUND RECOVERY OPERATIONS
The company official leading the recovery party initially travels
towards the explosion areas as carefully as possible looking partic
ularly for the first evidence of explosion forces. Such evidence often
is--a fine layer of mixed coal and rock dust that will settle on rockdusted surfaces. Paper and other light materials are scattered by
forces of the explosion and are carried and deposited on the haulage
tracks and in other out-of-the-ordinary places. Recovery parties should
not travel into a location showing positive evidence of explosion
forces, unless the group is equipped with a carbon monoxide detector
and a flame safety lamp.
Advancing into the affected area safely requires that the group be
certain that they do not travel into oxygen-deficient or highlyexplosive atmospheres. All mine explosions produce carbon monoxide
and continuous testing with a carbon monoxide detector is an absolute
necessity. The presence of carbon monoxide in an area shows clearly
that protective equipment in the way of gas masks, Chemox, or oxygen
breathing apparatus is necessary and must be used to examine inby
areas. Many mine employees and officials have lost their lives by
entering explosion areas without being able to check whether carbon
monoxide was present in the area and without using protective equip
ment. You certainly can't help men trapped inby if you are overcome
with carbon monoxide.
Whenever possible, recovery parties should enter underground mines
and thereafter travel in intake air; when blown-out stoppings or over
casts or doors are first encountered, caution must be exercised, travel
inby must be on foot and be slow, careful, and cautious. Continuous
tests for oxygen deficiency, methane, and carbon dioxide should be made
in the area with flame safety lamps and carbon monoxide detectors.

158

Where large areas have been affected and/or where methane or carbon
monoxide is detected and stoppings and other ventilation facilities
have been destroyed, mine rescue teams wearing protective equipment
should examine as much inby area as possible before temporary ventilation
is established by the erection of temporary stoppings and other ventil
ation facilities. Fairly effective temporary ventilation can be estab
lished by installing stoppings, checks, doors, and overcasts erected of
canvas or plastics. Checks should be installed by the mine rescue
teams. Mine rescue teams can usually examine inby in the explosion
area for distances of about 500 feet. The explosion area should be ex
amined and reventilated in this manner until the entire area has been
recovered.
The recovery party should not pass side entries, rooms, abandoned
areas, et cetera, until such areas have been examined or sealed. The
foregoing methods of advance minimize the chances of forcing methane
over an undetected fire in the explosion area which could result in
a second or third explosion. While recovery parties are exploring
and reventilating the explosion area, other men should be testing the
air returning from the newly-ventilated area and in the main returns.
Advancing recovery crews should be advised regarding such tests, and
sudden or gradual increases in the methane and/or carbon monoxide
percentages in these returns are danger signals that should be con
sidered carefully by those in charge. Increased carbon monoxide gen
erally indicates that there is a fire somewhere inby and an increase
of methane indicates an explosive mixture of methane could be forced
over the fire and cause an explosion.
A substantial increase in
carbon monoxide or methane content in air returning from an unexplored
explosion area requires that recovery operations should be reevaluated
and perhaps abandoned at least temporarily.
Recovery parties, of course, should attempt to reach and remove
live persons from an explosion area as rapidly and safely as possible.
However, care should be exercised in not disturbing evidence of the
explosion in the affected area. Equipment, particularly controls of
equipment, should not be disturbed, and exact records should be made
of locations of equipment, line brattice, checks, stoppings, doors,
clothing, bodies and flame safety lamps. Finally, and of major im
portance, underground recovery parties should follow plans and pro
cedures of those in overall charge of the recovery operations. If the
explosion area is large or if recovery operations are difficult and
extend for more than 8 or 10 hours, recovery operations should be put
on four 6-hour shifts with the crews relieving at the inby work
locations.
When bodies are located by recovery crews, each body should be
indent!fied by the lamp number or the indentification tag. The
exact location of the body and number should be recorded in writing
on a blueprint of the area when such print is available. Recovery
crew members should not search the clothing on bodies, as there have
been claims that money, watches, and other valuables have been taken
from bodies by members of recovery parties.
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3.

Flooding fire area or entire mine - when considered, con
sider elevations - possibility of flooding area - effect of
gas pressures.

4.

Flushing with silt or other solid materials. Feasible on
occasion, particularly if mine will not be reopened.

5.

Use of inert gases - carbon dioxide. Effect of sealing or
extinguishing fire is calculated from chemical analyses of
air from sealed area. Fire in sealed area is considered
extinguished when:
a.

Oxygen content of the sealed area will not support flame.

b. Carbon monoxide has disappeared from the atmosphere in
the sealed area.
c. Area has been sealed for a sufficient length of time to
preclude the likelihood of the fire rekindling.
Time for unsealing a fire area should be governed by:
1.

Extent and intensity of fire at time of sealing

2.

Type of burning material.

3.

Tightness of seals and enclosed areas.

4.

Influence of barometric pressure on enclosed area.

5.

Position of fire area with respect to ventilation pressures.

6.

Sampling and analyses.

7.

Composition of fire gases in sealed area.

Preparation for unsealing:
1.

Available apparatus and gas mask crews.

2.

Ventilation changes when necessary - fire atmosphere directly
to return airways.

3.

Heavy rock-dusting outby seals.

4.

Fan location and operation - with respect to fire location and
seals.

5.

Power circuits - deenergized.
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MINE FIRES
Most mining men fear mine-fire hazards more than hazards encountered
during recovery operations after an explosion because of possible ex
plosion hazard, roof falls, fumes, heat and smoke.
Therefore, proper procedure in fighting, sealing, and unsealing mine
fires is of the utmost importance. Incorrect procedure may result in
one or more of the following:
1. Men working in the mine when a fire occurs may be needlessly
exposed to or overcome by smoke and fumes from the fire.
2. An explosion with possible loss of life and property may occur
during the fighting, sealing, or unsealing operations.
3. The lives of those engaged in fighting, sealing, or unsealing
a mine fire may be jeopardized or sacrificed needlessly.
4. Property loss may be increased or curtailment of production
prolonged.
Methods of Control and Extinguishment of Mine Fires
1.

Fighting by direct attack.
a. With water, rock dust, sand, foam generator, chemicals,
fire truck, carbon dioxide.
b. Fires can usually be extinguished by direct attack when
in the incipient stage, but when underground fires burn
freely for several hours, such fires often require sealing.
Therefore, it is necessary to begin firefighting operations
as rapidly and as orderly as possible. Water is still the
best extinguishing agent for fires, but fire materials
must be loaded and removed from the mine after the fire is
extinguished and the materials cooled.

2.

Sealing fire area - always necessary when there is danger of
methane in the fire area.
a. Simultaneous sealing of intake and return entries is
necessary when dangers are presented by methane.
b. Closure seals should be at least 1,000 feet from fire
where possible.
c. Sealing materials - lumber and wood fiber, concrete blocks,
brick, brattice cloth.
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6.

Unsealing methods in writing for all people.

7.

Air locking when necessary.

8.

Unsealing by reventilating area and immediate exploration most common method.
a. Break intake air seal - examine fire area by apparatus
crew first - then open return seals. Combustible gases should
be kept below explosion limits - have men with detectors check
returns at regulators.

In conclusion, don't ever expect that a fire or explosion recovery
operation will be the same as one you were on previously - all are
different in one respect or another.
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COMMENTS
QUESTION: I have a question for Mr. O'Neal. In cases of mine disasters
who has jurisdiction over this, the company, the Federal Bureau of Mines
or the State Bureau of Mines?
ANSWER: I believe this is usually a joint venture but I believe that
the state is overall the first option for the authority. I think the
state and then the Bureau usually has a cooperative effort.
Mr. Richardson: I have just come from Washington and I heard this great
argument going on between the pros and cons, those that think that
the flame safety lamp is the only thing and others who think that this
is not necessarily the instrument to use. I happen to be one who thinks
it is but I would like your views upon this with respect to oxygen con
tent and so forth.
ANSWER: This is a controversy that came up just recently in the last
month or six weeks. The flame safety lamp has been long recognized-I guess for a 150 years or more--as an instrument for determining methane
or an oxygen deficient atmosphere. As far as I know there has been
no official policy adopted by our people in Mt. Hope. Myself, I like
it. Although I understand that there is a possibility of going to
differenct instrumentation. Here again this is all up in the air and
I don't know what will be the final outcome. But I think the flame
safety lamp is a good instrument for its purpose. That's just a per
sonal opinion.
Mr. Gilliland: Jim, since you raised the issue that there were some
people that didn't think that the flame safety lamp was so good, would
you care to give some reasons that you may have heard as to why it
isn't so good? I thought that you maybe had heard some specific
comments that might be of value.
Reply: Wel1, I have no comments upon it at all. I have no knowledge
of others that work so well. I don't know of anything else that does.
They all depend upon batteries, but sometimes they're not working and
this is the point that I question. It just goes back to the fact that
some of the old things are still the best.
QUESTION: I'd like to ask a question of Mr. O'Neal. Due to the
Farmington disaster, will there be any intensification of research
work perhaps in degassification of coal seams, say something in the
advance of the working face to get this gas out? Is the Bureau doing
anything in this area?
ANSWER: I couldn't tell you for sure about their policies.
stand that there will be additional research on this.

I under
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QUESTION: On the Farmington disaster, has there been a decision reached
as to the primary cause? Is there something that's particularly been
hit upon?
ANSWER: No. No one is making a guess as to what particular incident
actually transpired to set it in motion.
Dr. Scott: May I make one comment. It came to mind in Mr. O'Neal's
talk about public news media in relation to these disasters. I don't
know how many of us here saw CBS's program entitled "Mines-Danger" but
I think there is a lot for us in the mineral industry to think about
in the publicity area. I tried to do something about this in this
conference.•. That is, I tried to get some coverage by the national
medias of this' conference. I talked with some vice presidents of NBC
and of CBS on this by phone for some considerable period of time and
felt I had made some progress. However, I don't see the television
cameras in this room. I suggested to the news media that perhaps such
a title as "Mines-Danger" was not just, considering what they covered.
They didn't sa "Danger gaseous coal mines of West Virginia" - gaseous
coal seams whether it's the state of West Virginia or any other state.
They said "Mines-Danger." And that puts the little limestone pro
ducer, uranium miners, lead miners, and everyone else, even me as an
educator, in the same basket. I don't know quite what to do about
this. It's so hard for me to talk to a mother about her son coming here
to school and for her to encourage him in a mineral oriented career
when the only thing that she has seen, that relates to the industry, is
some widow being asked a question at the time of the disaster, 'Well
do you think we should have more mine inspection?' What a loaded question
to put to some poor person who has just lost her husband. This is slanted
news coverage. In the mineral industry these disasters are terrible
but I think we have to stand up on our feet as professional people, as
dedicated people to this industry in which we are involved, stand and be
counted. We're not all bad. We're working on these problems and I get
quite disturbed about this sometimes, I don't really know the answer
to the problem.
COMMENT FROM FLOOR: Well you know this slanted news doesn't necessarily
just apply to disasters. I'm going to use an example. Back in about
1961 when all the news media discovered all this poverty down in
southern West Virginia and eastern Kentucky NBC came down to souther
West Virginia and wanted to see a poverty stricken area. The people
took him to see a town called Matoka which for all practical purposes was
an abandoned mining town and the school was still there. This school
was in pretty bad shape, windows were knocked out and there was maybe
one or two rooms and one or two teachers. So cameramen were all over
the place and used this on an evening news program. It so happened in the
same county they had just finished about a 3 million dollar high school.
So after the people got through showing the school in Matoka and all
the pictures had been taken they asked them to come over and see their
new school. Their reply was 'Oh, we're not interested in seeing new
schools.'
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RADON DAUGHTERS AND THEIR CONTROL
by
R. G. Beverly
Director, Radiation and Pollution Control
Mining and Metals Division
Union Carbide Corporation
Grand Junction, Colorado
INTRODUCTION
Union Carbide Corporation has operated mines and mills in the
Colorado Plateau for several decades. At the present time it is
responsible for the employment of approximately 500 persons in
underground uranium mines. About half of these employees are
employed by contractors and about half are company personnel. The
company operates approximately 50 mines varying in size from those
that employ only a few men to larger ones employing 120 men. Pro
duction from the company's underground mining operations represents
approximately 10% of the nation's total underground uranium pro
duction.
In 1956 the company initiated a program for sampling radon
daughters in the mines and improving ventilation to reduce the
potential radiation hazard in uranium mines. In addition to the
underground operations in the Colorado Plateau, the company also
has open pit uranium mining operations in the Gas Hills area of
Wyoming. Union Carbide operates mills for processing the ore at
Uravan and Rifle, Colorado and in the Gas Hills area of Wyoming.
The purpose of this paper is to present to the person unfamiliar
with mine radiation problems a review of where the radon daughters
originate, how one measures them, their damaging character, how to
control them, the cost of control, a review of the regulatory
standards, and the progress in control of radon daughters over the
last two decades.
For the person who desires more detailed information on the
subject, a number of references are cited. Mr. R. L. Rock and
Mr. D. K. Walker at the U. S. Bureau of Mines station in Denver,
Colorado have prepared an excellent handbook on the subject entitled
"Controlling Employee Exposure to Alpha Radiation in Underground
Uranium Mines." This handbook, which goes into considerable detail
on all phases of the subject, should be available before the end of
the year.
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ORIGIN OF t h : d a u g h t e r s
Uranium as it is found in nature consists of 99.3% U-238, which
has 92 protons and 146 neutrons in its nucleus. However, these protons
and neutrons are not satisfied to remain in this ratio and uranium has
been undergoing a continual state of decay, or change, to isotopes and
other elements. In so decaying various types of radiation, largely
alpha, beta, and gamma, are emitted. Figure 1 shows the decay of
uranium through various radionuclides down to the noble gas, radon-222.
In uranium mines the original source, or so called parent, of radon is
the uranium in the ore. The gas emanates from the ore into the
working places and drifts of the mines.
Radon, in turn, decays into several short half-life decay products
which are commonly referred to as radon daughters. Figure 2 shows the
decay scheme of the parent, radon, through the daughter products.
Radon decays through Po-218, Pb-214, Bi-214, Po-214, and eventually
to Pb-210 which, because of its 22 year half-life, is not of consequence
concerning the problem under discussion. The four short half-life
daughters are also frequently referred to as radium A, radium B,
radium C, and radium C .
One will note from Figure 2 that the halflife, or the time required for half of the activity to decay, of the
four radon daughters is quite short. When separated from the parent
radon, almost all of the daughters will decay to lead-210 in approxi
mately three hours. The two problem daughters are the short-lived
alpha emitters, radium A and radium C .
For all practical purposes
the radon daughters are atomic in size and are normally in an ionized
state. As a result, they are easily taken into and retained in the
respiratory system as free ions or attached to dust and moisture
particles. Their alpha decay in the body can, under adverse conditions,
be damaging to the body as will be described later.
MEASUREMENT OF THE DAUGHTERS
To determine the concentration of radon daughters in a mine
atmosphere the daughters are collected on membrane filter paper using
commonly accepted methods of air sampling. Most uranium mining
companies today are using a small battery-operated air sampler with
a sampling rate of about two liters per minute. The practice is to
take a five minute sample which collects the radon daughters from ten
liters of air. Figure 3 shows a technician taking an air sample with
the small sampler. After a waiting time of between 40 and 90 minutes
the radon daughter alpha activity is counted with a portable alpha
scintillation survey instrument. The waiting time minimizes possible
errors due to disequilibrium of the daughters at the time of collection
The alpha survey instruments (see Figure 4) are reasonably portable
and can be used underground. The concentration of radon daughters is
then calculated using the volume of air sampled, the alpha count, and
the elapsed time between sampling and counting (1) (2).
The U. S. Atomic Energy Commission recently announced the develop
ment of a new instrument designed and built by the Massachusetts
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Using a battery operated two
liters per minute air sampler,
a 10 liter sample of mine air is
drawn through a micropore filter
on which radon daughters are
collected.
FIGURE 3
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FIGURE 4

Alpha activity from
radon daughters
collected on filter
paper is counted
with an alpha survey
meter.
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Institute of Technology under an AEC contract which will provide instant
measurements of the concentration of radon daughters. Five prototypes
are to be built within a year.
The unit of measurement for radon daughters has historically been
called a "working level" (WL). The working level is defined as any
combination of radon daughters in ope liter of air that will result
in the ultimate release of 1.3 x 10^ million-electron-volts (MeV) of
potential alpha energy. Exposure of a miner to radon daughters is
commonly expressed in terms of Working Level Months (WLM), and is
calculated by multiplying the WL by the occupancy time.
During the past two years considerable research has been under
way to develop a dosimeter sensitive only to radon daughters which
could be used to determine more accurately a miner's exposure over a
period of time. Such a device might simplify record keeping proce
dures but would not, however, be of much use to the engineer attempting
to control radon daughter concentrations in the mine.
When a person breathes mine air containing radon and radon
daughters, the potentially damaging alpha energy to the body largely
results from the radon daughters inhaled because essentially all of
the daughters are retained in the respiratory system where they con
tinue to emit damaging alpha radiation. Radon gas, which is also an
alpha emitter, is not considered in the definition of the working
level as it is essentially all exhaled. The radon daughters if in
equilibrium with the radon will contribute about 95% of the alpha
energy retained in the body. In specific cases, such as when evalu
ating ventilation systems or evaluating mine air from which the radon
daughters may have been filtered, it becomes necessary to consider
the radon concentration. The common method used for radon sampling
incorporates small flasks coated on the inside with activated zinc
sulfide phosphor. The flasks are filled with the sample in the mine
and counted at a later time in the laboratory.
As in all environmental sampling, it is periodically necessary
to calibrate air pumps and instruments used in the sampling procedure.
THE DAMAGING CHARACTER OF THE DAUGHTERS
The decay of radionuclides within the body and their release of
alpha particles damage living cells. Radium A, and radium C decaying
within the body release relatively high levels of alpha energy. Expo
sure of miners to high concentrations of radon daughters over an extended
period of time has been proven to result in lung cancer in certain
individuals. This increase in incidence of lung cancer was noted in
miners from the Schneeberg mining region of southern Germany and the
adjoining Joachimsthal region of what is now Czechoslovakia. It was
reported that 30 to 50% of all the deaths among the miners in these
areas were caused by lung cancer. Later tests showed significant
levels of radon existed in these mines. A high incidence of lung
cancer was also noted in fluorspar miners in Newfoundland. Again,
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tests showed that significant levels of radon were present in the
mi nes.
Carnotite ores have been mined on the Colorado Plateau for many
decades for their radium and vanadium values, and in more recent
times, for uranium. It was during the late 1940's and 1950's that
a large number of miners were exposed to high concentrations of
radon daughters in the uranium mines of the Colorado Plateau. Con
centrations from 10 WL to several hundred working levels were measured
in these mines (1). During the late 1950's it became apparent that a
serious problem could result from this exposure to radon daughters.
This awareness was brought into clear focus with the Governor's Con
ference late in 1960 (3). Action by the mining companies during
1960 and 1961, in the form of greatly improved methods of ventilation,
resulted in a great reduction in the radon concentration in the
uranium mines. However, the high exposures which some men received
during the 1940's and 1950's are now resulting in a greatly increased
incidence of lung cancer among the uranium miners (4) (5) (6) (7).
At this time there are approximately 180 known cases of lung cancer
death among uranium miners which have been attributed to exposure to
radiation. In more recent years the medical studies have centered
around efforts for early detection of lung cancer. Dr. Geno
Saccomanno of St. Mary's Hospital in Grand Junction, Colorado has
made great progress in using sputum cytology for the early detection
of changes in the lung which may be leading toward lung cancer (8).
An evaluation of the lung cancer deaths, along with medical
studies, has shown a definite synergism of smoking and radiation.
In other words, the two factors together result in a much higher
incidence of lung cancer than either agent by itself. This is
demonstrated by the fact that of the approximately 180 cases of lung
cancer deaths presently known, only one or possibly two have been
non-smokers (the smoking history of one individual has not been
verified). If smoking was not a factor in these cases, one would
have expected about one-fourth of the deaths or at least 45 to have
been non-smokers. Because of this obvious effect of smoking, many
companies including Union Carbide Corporation have been making a
great effort to encourage employees to quit smoking and have banned
smoking in uranium mines. The recently proposed U. S. Bureau of
Mines safety standards prohibit smoking in uranium mines (9). The
Federal Radiation Council in its recent recommendations for radiation
control in uranium mines, "urges that a concerted effort be made by
all concerned to discourage cigarette smoking by underground uranium
miners."
CONTROL IN THE MINES
Control of radon daughters in uranium mines has been almost
exclusively accomplished by dilution ventilation. Many factors affect
the ventilation requirements in uranium mines. Such things as extent
of the ore body, depth of the ore, type of mine entry, and eventual
size of the mine will affect these systems. Commonly, ventilation is
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accomplished by primary ventilation systems which introduce fresh
air into the mine and by smaller secondary ventilation systems for
distributing the fresh air to the working stopes. In some small mines
only one ventilation system is used to force air from the surface to
dead-end headings.
In Union Carbide mines the primary ventilation systems will
include fans as large as 60,000 cfm posered by 75 hp motors. Up
to three primary fans have been installed in parallel to deliver
150,000 cfm. The axial flow type of fan is most commonly used (see
Figure 5). The primary air may enter the mine by means of large
vent holes drilled from the surface or through adits, inclines, or
shafts. Shafts may be downcast or upcast or various combinations
may be used, depending upon the number of vent holes and entries
used. Contamination of primary air from inactive workings of a mine
is prevented where possible through the use of air doors and stoppings
(see Figure 6). In the Uravan Mineral Belt, where the ore deposits
are erratic and discontinuous, connections between the primary air
stream and inactive workings are often too large and numerous to
effectively seal off.
During winter weather the large quantities of fresh air forced
into the mines can cause all manner of freezing problems. This may
consist of vent holes being blocked by ice, ice accumulation on the
walls of the shafts, and the freezing of water lines near the point
of primary air entry. One method of overcoming freezing problems is
by reversing air-flow during nighttime periods when no one is in the
mine. However, this allows a build up of radon and daughters and
results in a decrease in ventilation efficiency. Many larger mines
have installed direct fired propane heaters to heat the incoming
primary air (see Figure 5).
To distribute air to the dead-end working areas of a mine, secondary
fans with capacities in the general range of 5,000 to 8,000 cfm are
used. Union Carbide uses mostly 20-inch diameter vinyl coated nylon or
polyethylene vent tubing hung from the back to carry air to the working
places. In some instances tubing as large as 36 inches in diameter
has been used where room permitted. It is essential to keep this
ventilation tubing in good repair with a minimum of holes. Elbows
in the tubing should not be kinked, and where possible metal or fabric
elbows are used to reduce the back pressures on secondary fans. One
of the most common errors is improper location of secondary fans which
causes recirculation of exhaust air. The distance from the end of
the ventilation tubing to the working face is also a critical matter.
Many mines use a minimum distance of 30 feet between the end of the
ventilation tubing and the area where men are working.
Commonly, fans are left on 24 hours a day, 7 days a week, to
avoid disruptions in ventilation which may require many hours to regain
original control. Where 24-hour operation of the fan is not necessary
it is usually common to install timers on the fans so that they will
turn on several hours before the men enter the mine.
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A 45,000 cfm fan and direct fired
propane heater installed at the
collar of a 41-inch I.D. vent hole
provide fresh air to mine workings
700 feet below the surface.
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Plywood stopping sealed with poly
urethane foam prevents mixing of
contaminated air from old workings
with fresh air moving down main air
course.

FIGURE 6
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Education of the miners in good ventilation techniques is an
important part of any uranium mine's radiation control program.
The effectiveness of ventilation systems can generally be evalu
ated by the results of the environmental control sampling. However,
it is often necessary to take engineering samples exclusively for the
purpose of evaluating ventilation systems and changes in the systems.
Other methods for the control of radon daughters in mine atmos
pheres have been proposed, and in some cases tested. Union Carbide
and some other mining companies have used large filters to remove the
radon daughters and permit the reuse of air. Care must be taken in
the number of times air is filtered and the length of time between
the filtration of the air and the use of the air because filtration
does not remove the radon which will continue to decay and produce
radon daughters. Continued filtration, therefore, results in the
buildup of radon and an increasing rate at which the daughters will
be formed. Radon gas samples are helpful in evaluating the appli
cation of fi1ters.
Some work has been done in using overpressure to prevent or
retard the emanati on of radon into mines. However, in this case it
must be kept in mi nd that the radon must flow to some other location
and one must avoid this location being another part of the mine or
an adjacent mine, Possibilities of using slight underpressure in
inactive areas to reduce the flow of contaminated air into main air
courses has been s tudied. Various absorbing materials and sealants
have been proposed to retard the emanation of radon from the rock,
Dilution ventilati on still remains the primary method of control in
uranium mines.
A respirator will remove approximately 95% of the potential
radiation dose to the lungs. The respirator manufacturers have
devoted considerable effort during the past two years toward the
development of a low resistant respirator filter for radon daughters.
Although it does not appear practical to require a physically active
miner to wear a respirator eight hours a day there is definitely a^
place in the mining operations for the use of respirators. Geologists
and surveyors who are required to enter shut-down mines or unventilated
areas of active mines for short periods of time should use respirators
for protection.
Rotation of men within a mine or between mines can, in certain
cases, be used to reduce exposure, but is not a practical long-term
method of control for many reasons. The shortage of experienced
mining personnel, the specialized training of most personnel, and
safety are but a few disadvantages involved with rotation of men.
COST OF VENTILATION
The costs of ventilation systems in a uranium mine will vary
according to many factors such as the depth of the ore body, the size
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of the mine, and probably most important, the characteristics of the
ore body. Currently, ventilation costs have been estimated to vary
between $.50 and $1.50/ton of ore produced. This compares with
uranium mining costs which vary between $10.00 and $20.00/ton. The
increased emphasis on mine radiation control over the past two years
has resulted in significant increases in ventilation costs, in some
instances from $.50 to as much as $1.50/ton. A recent survey by the
AEC has shown that capital expenditures are averaging about $4 mil
lion per year for the entire uranium industry.
STANDARDS AND REGULATIONS
In 1957 the Public Health Service in its publication number
494 (1) suggested a one working level environment and stated, "On
the basis of present information, this level appears to be reasonably
safe and not unduly restrictive to mining operations." In 1959 the
International Commission of Radiological Protection (10) and the
National Committee on Radiation Protection (11) suggested a radon
standard which has been interpreted by different persons to be some
where between a one-third and three working level standard for radon
daughters, depending upon the equilibrium ratio of the individual
radon daughters. The U. S. Atomic Energy Commission's Rules and
Regulations have been interpreted to not apply to the mining of
uranium ores but rather to the processing of the ores and further
refinement of the products from the mills. In 1960 the American
Standards Association, now the United States of America Standards
Institute, published Standard N 7.1-1960 "Radiation Protection in
Uranium Mines and Mills (Concentrators)" (2). This standard has
been the guide for the industry since 1960 and was also adopted by
most state mine control agencies in those states in which uranium
was mined. Colorado incorporated the ASA standard in its state mining
laws (12). The standard is presently being rewritten to incorporate
the latest knowledge on the subject.
To obtain background information prior to the enactment of the
Metal and Nonmetal lie Mine Safety Act (13), the U. S. Bureau of Mines
made a study of all uranium mines in 1961 and 1962. The Federal
Radiation Council, which was established by executive order in 1959,
initiated a study of uranium mines in 1965 as a result of the increasing
number of lung cancer deaths among uranium miners, and published a
summary report in 1967 (14). The FRC recommended an exposure standard
of a maximum of 12 WLM per year, essentially equivalent to a 1 WL
environmental standard (15). In January of 1969 the FRC issued a
further recommendation which retains the 12 WLM per year standard for
a 2-year period and gives consideration to lowering the standard in
1971 if a thorough review of all data available indicates the reduc
tion is necessary.
The Joint Committee on Atomic Energy held extensive hearings during
the summer of 1967 on the subject and collected a large amount of tes
timony and references which make up a very complete story of the entire
problem (16).
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The U. S. Department of Labor entered the picture in 1967,
choosing the jurisdictional route of the Walsh Healy public contracts
act. Early in May of 1967 the Department issued a regulation calling
for a reduction to 3.6 WLM per year, which is essentially equivalent
to a 0.3 WL standard, to become effective in 30 days (17^ The
complete surprise of this regulation, without any provision for pub
lic hearings nor an opportunity to submit comments, resulted in great
confusion in the uranium mining industry and other agencies having
jurisdiction. In June of the same year the Department of Labor
changed the order permitting the 12 WLM per year standard until
January 1, 1969, at which time the standard was to be reduced to
3.6 WLM (18). Late in December of 1968, four days before this reduced
level standard was to become effective, the Department of Labor issued
a standard providing for a variance procedure during 1969 and 1970,
if the mine operator submitted a bonified plan for reducing the level
of maximum exposure to 4 WLM per year (0.33 WL) by January 1, 1971 (20)
The Department has further stated verbally that they will relinquish
jurisdiction to the Department of Interior when the U. S. Bureau of
Mines' standards become effective.
As provided for in the Metal and Nonmetal lie Mine Safety Act (13),
the U. S. Bureau of Mines, after consultation with a review committee,
issued proposed safety standards in January of 1969 (9). The proposed
USBM standards are currently issued for comment. After comments have
been reviewed, the standards will be reissued to become effective one
year later. At present the USBM standard for uranium mines calls for
a 12 WLM per year maximum. It states that the Bureau will follow the
recommendations of the Federal Radiation Councin but confuses the
issue by adding a section requiring a reduction in the standard to
4 WLM per year on January 1, 1971. The proposed reduction in 1971
may or may not be in agreement with the Federal Radiation Council's
forthcoming recommendation after they complete the review of the data.
The USBM proposed standard also provides for action levels, whereupon
it is recommended that if any concentrations are found in excess of
2 WL the area will be shut down. If levels are found to be between
1 WL and 2 WL, immediate corrective action is to be taken or the men
are to be withdrawn from the area.
In March of 1969 the Joint Committee on Atomic Energy held addi
tional hearings to review the matter of mine radiation. Testimony was
received from the Federal Radiation Council, the Atomic Energy Commis
sion, the Department of Health, Education, and Welfare, the Department
of Labor and representatives of unions and the mining industry. The
experts in the field appear to still be divided on what the standard
should be. It was repeatedly emphasized during the hearings that the
epidemiological data available to date have certain limitations and
that it may be many years before data can be developed on the effects
of low level exposures on uranium miners. The hearings brought out
that there was a conflict within the Federal Radiation Council which
spent several months trying to decide on a recommendation to present
to the President for approval. It would appear at this time that
future standards will hinge upon the review which is to be made by
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the Federal Radiation Council sometime in 1970 before the proposed
reduced standards would become effective.
With the multitude of hearings and conferences held during the
past two years and the numerous standards and regulations proposed
by various departments of the federal government, it has been dif
ficult for the uranium miner to make even short-range plans on
proposed mine ventilation, let alone trying to estimate what mining
costs may be two or five years from today. The mining industry
believes the U. S. Bureau of Mines is the logical federal agency
to have jurisdiction over mining. Also, the Metal and Nonmetal lie
Mine Safety Act provides that state regulatory bodies can maintain
their regulatory control under the watchful guidance of the U. S.
Bureau of Mines.
The industry, along with most regulatory agencies, believe that
an environmental standard is preferred over an exposure standard.
By means of an environmental star’ rd, control is immediate and not
after-the-fact. It is easier to «. iforce an environmental standard
and an engineer knows at once whether he is above or below a standard
PROGRESS IN CONTROL
During the middle 1950's mine operators started installing
mechanical ventilation to improve the air conditions in the mines and
to reduce the concentrations of radon daughters. As mentioned
previously, once the problem was recognized and control measures
outlined, industry took significant steps toward lowering the levels,
particularly during the 1961-1962 period. Figure 7 is a graph
showing the improvement in lowering of the radon daughter concen
trations in uranium mines during the period between 1952 and 1967.
The data shown in the graph are from data releases by the U. S.
Public Health Service.
It will be noted in the graph that as of 1952 in approximately
45% of the mines the average concentration was above 10 WL, and in
only 32% of the mines was the working level controlled at or below
1 WL. By 1962 only 4% of the mines had average concentrations over
10 WL, and, although there was not a great increase in the mines in
which the concentration was below 1 WL, there was a significant
increase in the number of mines in which concentrations were less
than 3 WL. By 1967 the number of mines in which the average con
centration was over 10 WL had decreased to 1% and the mines in which
the concentrations were controlled below 1 WL had increased to 70%.
Recent data would show a much greater improvement.
Union Carbide started sampling the mines and accelerated its
radon daughter control program in 1956. Following the pattern of
the industry, there was a big reduction in working levels in the
1961 period. One effective measure which has produced gratifying
results has been the progressive stepwise decrease in the company's
self imposed shutdown level. Whereas in 1960 any area over 10 WL
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was shut down, as recommended in the ASA standard, the shutdown level
was decreased to 7.5 WL, then to 5, then to 3, and early in 1967 to
2 WL. By shutting down all areas that are over 2 WL and initiating
immediate improvements in ventilation for those areas between 1 and
2 WL, it has been possible to reduce the exposure of the miner so
that no miner will receive more than 12 WLM exposure in a year's
time.
A continuing program of education of the miner has helped in
lowering the levels. Ventilation systems are continually being
changed and improved to best fit the current operating plan of the
mine. Although we expect to continue lowering the concentrations in
some mines, it is difficult at this time with present technology to
see how it will be possible to control all exposures of all men
below a 4 WLM per year level or control all concentrations below
1/3 WL. For the many persons who might be considered support people
in a mine, such as surveyors, geologists, trammers, and hoistmen,
control of exposures at this level may be feasible. However, the
stope miner, who spends eight hours a day at the working face, is
the man whose exposure is most difficult to lower.
In coming years there will no doubt be more standards, more
regulation, and more control of radon daughters in uranium mines.
The subject has been a popular one and one that has brought about
considerable controversy among the experts. As a result of many
studies and investigations, somewhat more knowledge is now available
on the subject and there has been some improvement in the sampling and
counting instruments. However, in the course of the last 10 years,
there have been no major breakthroughs on methods of control of radon
daughters. It still apparently must be done with more and more air
and carefully maintained ventilation systems.
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COMMENTS
QUESTION: On your last chart there I noticed that you dealt with the
percentage of mines. What is thenumber of mines between 1952 and 1967?
ANSWER: Back in 1952 most of the mining had been in western Colorado,
and eastern Utah. The Grants area was just being founded and the
Wyoming area, which incidently is largely all open-pit mines had not
been found yet. I would guess that maybe 200, 300 mines, something like
that. Today there would be fewer mines. I would guess probably be
cause they are larger mines; the smaller ones have dropped out of the
picture. I would say today it's probably something like 150 to 200
mines in the whole industry. The peak came in about 1961 and 1962 in
the AEC stretch-out program where they stretched out their purchase
agreements over a longer period of time and they extend to 70.
Mr. Beverly: I forgot to mention that you can find radon daughters in
underground mines practically all over the country and particularly
in mines where there is some granite formations and the U.S. Bureau
of Mines as well as some of the state bureaus has done a lot of sampling
to prove this condition exists. You have to meet this 3/10 working
level then there's a lot of metal mines that are in the same boat with
us.
QUESTION: I want to ask Mr. Beverly a question, What about concentration plants? Do you have this problem there or is the environment such
that the emission is very dilute because of all the air?
ANSWER: Yes, we've taken measurements around plants and in a closed
area where there's little ventilation. You can sometimes measure a few
tenths of a working level. Normally in the mill you have enough nat
ural ventilation. We haven't ever seen it where anybody worked around
it enough that it would be any problem at all.
QUESTION: Is there a continuing emission of the radon gas from the
walls of the working places? Is there an emission you can measure
along the walls in the course of time?
ANSWER:
_
It's pretty difficult. You're almost measuring atoms, and
Tt^ s pretty difficult to measure it right where it comes out of the
face, but it's all the time coming into your mine and being eminated.
Uranium has a half life of 4 1/2 billion years. Most people think
it was here when the earth was formed so'about half of it's decayed
away. Another 45 billion years and all the uranium will have decayed
away. But it is coming at you all the time and anytime you find
uranium ore you'll find radon gas. All other things being equal, the
higher the grade of ore the higher the radiation you'll have, but not
always, the condition of the ground, the porosity, the permeability
and how easy the gas can migrate through the rocks are all important.
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QUESTION: My question I think has to do with trying to put
impermeable membrane on the walls, spray it on or something like that.
This is the total environment, the mine in which these men are workiing
and I've wondered if you've thought of that as a possibility to mini
mize the emission except in the working face.
ANSWER: Quite a lot of work has been done but this is a noble single
atom type gas that would go right through concrete like its a sieve.
Certain latent sulfhates, and some asphaltic materials have been tested
that tend to absorb this a little bit but getting the material to ad
here to the rock is a problem. We haven't found this very practical
nor have we found the right material. Something like this or some
type of a scrubber that could absorb all the radons would be a great
help - somethifng like our filters do. There's quite a lot of research
been done on this but nobody's come up with anything yet.
QUESTION: I'd like to address Mr. Beverly and perhaps Mr. Gilliland too.
It's a bit unfair, but you're not doctors I guess, but there are two
kinds of problems with inhalation. One dealing with high exposure
over a short duration. Some attention has now been directed to the
problems of long term, low exposure. Do you know of any research or
are you doing any research in this area? What kind of conceivable appro
aches can you have when you deal in these things that are so hard to
measure?
ANSWER: I don't know anything about that so I'm going to side step the
question. But, in radiation it's long term high exposure that's caus
ing problems. Most of the fellows that have died have received 10
years of exposure at maybe 50 working levels or 30 working levels or
something like this. We are very much concerned over low level exposures
over long periods. The public health service is making quite a study,
actually reinitiating it, where they're going to study miners down in
Mexico. They have been studying them at very low levels, something
less than a tenth of a working level. We hope they get some information
out of S. Africa where down in the gold mines there were levels in the
1/2 to 1 working level. The S. Africans have an extremely complete
epithemialogical records and in fact that's why we're waiting on them.
They didn't want to give them to us half finished and so they're going
over them very thoroughly hoping there might be some clue of what 30
years at one working level means - is it safe? This has been an un
answered question. We think it is. Some people say it can be much
higher than that. We don't have enough samples through the early 5 0 's
or enough records of where the men worked to really tie these down.
The exposures that have been assigned by the public health service to
these men are just estimates.
QUESTION: In the mining field, has there been any other underground
mines that showed up any problems?
ANSWER: Not on the record to our knowledge. I don't think we have
any records of high incidences of lung cancer from other mines. We
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know that there have been some mines that have had a few tenths of a
working level and it's hard to go back and think what it was 10 years
ago, 20 years ago. It's hard to get a large enough group together to
find out what happened to them, how they died. The public health
service is following a group of some 35 hundred that they picked out
back in 1957 that had worked prior to that date and are following
that group to try to find out what happens to them.
COMMENT FROM THE FLOOR: The Department of Labor has or has had tests
run in about all underground mines in the last couple of years, haven't
they? I asked that question for the reasons that we did run them in
about 20 underground mines in the state of Missouri. We found very
light radiation in I believe 3 places. They were old working levels.
We put some air in there and it cleared right up.
COMMENT: Yes, the Bureau did some work back in 1961 and 1962 when they
were covering all mines and a few of them made radiation measurements
in these mines. Most coal mines didn't seem to have any but we found
a little bit. But a lot of mines have been looked at. But I don't
think we've seen any that are high enough that we think would probably
be any problem.
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Thursday, April 17 - Afternoon Session
Dr. Scott: Your chairman for the session on Air Problems in the
Mineral Industry is Mr. Eugene W. Merry, President, Mine Safety
Appliance Company, Pittsburgh, Pennsylvania.

AIR PROBLEMS IN THE MINERAL INDUSTRY
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COMMENTS
COMMENTS BY MR. EUGENE MERRY: I might comment paranthetically that at
the Pittsburgh meeting of the ASME at least the people in the field of
water pollution were rather optimistic. They felt they could solve
this problem in 30 years. The people with the air pollution side of
it were less optimistic and were inclined to think that things were
going to get considerably worse before they got better. You people are
also well aware that the magazines and newspapers just abound in art
icles on air pollution and you are also well aware that the Air Quality
Act of 1967 is now a law of the land. So I don't think there is any
need for me to emphasize to this audience the importance of the air
pollution problems that are currently facing the mineral industry. I
think that everyone here is reasonably well familiar with the problems
that we are facing today and will face tomorrow. So, frankly, what
we're all hunting for is a few sound, practical solutions.
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CLEAN AIR
by
Kenneth W. Nelson
Director of Hygiene and Agricultural Research
American Smelting and Refining Co.
Salt Lake City, Utah
Clean air is a subject requiring 2100 pages for discussion in a
three-volume work published recently. "Air Pollution" rather than
"Clean Air" is the title -- which suggests negative thinking. In any
case "Clean Air" is a large subject to dispose of in about 30 minutes
My remarks will necessarily be limited to but a few parts of the
whole picture.
The aspect of clean air which probably concerns most of us today
is regulation - regulation which may restrict further the limited
freedom industry has, and regulation which will increase operating
costs with little or no contribution to income. I doubt that many of
you are seriously worried about imminent effects of air pollution on
your health. If you are, please relax. What I have to say later may
be comforting.
Programs to achieve cleaner air in our major cities date back many
years - into the twenties. In 1947 California passed a law authorizing
air pollution control districts. It was the first state law dealing
specifically with air pollution although several states had previously
permitted city activities and all states had laws against nuisances.
Then in 1951 Oregon created the first statewide ^ir pollution control
program and other states followed.
Except for a few studies done by the Bureau of Mines and the Public
Health Service and federal government had no regular activity in pol
lution control until 1955. Then Congress passed a law providing for
research and technical assistance. The Department of Health, Education
and Welfare established programs to provide technical assistance and
training and to undertake research into the sources, nature, concen
tration and control of pollutants and into their effects on health.
In 1963 the Clean Air Act provided authority for federal abatement
in certain situations and, more importantly, provided direct financial
aid to state and local government control programs. Under the stimu
lus of more dollars state programs developed quickly. But HEW and
Congress were not satisfied, apparently, so the Clean Air Act was
amended by the Air Quality Act of 1967, passed in November of that
year.
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The Air Quality Act as originally proposed included the estab
lishment of national emission standards and broad new authority for the
Secretary of HEW. At this point industry, which had entered only
minor objections to prior legislation, objected vigorously.
Its strong
reaction was in part a response to a preposterous document, issued in
March, 1967, containing air quality criteria for sulfur oxides. The
net results of industry opposition were the withdrawal of the sulfur
oxides criteria for reconsideration and the deletion from the Act of
national emission standards in favor of ambient air quality standards.
(An emission standard refers to the mass or concentration of a pol
lutant being emitted from a source like a smokestack. An ambient air
standard refers to the air at ground level - the air we live in.) The
broad powers of the HEW Secretary remained in the Act. And the issue
of emission standards will arise again, for by November 21st of this
year the National Air Pollution Control Administration is required to
report to Congress on the need for and feasibility of such standards.
Because different communities in different states may share each
others' pollution, the Act requires the establishment of air quality
regions. Some have been established and all will be by May 21, 1969.
In the last few months the revised sulfur oxides air quality cri
teria and criteria for particulates have been issued along with
reviews of control technology. As criteria appear, they set in motion
the adoption by states of ambient air quality standards and develop
ment of control plans on a definite timetable. Standards and plans
must be finally approved by HEW.
That is about where we are today. There is much hard work ahead
for control officials who must grapple with ambient air standards and
control regulations. There is equally hard work ahead for industry's
engineers and scientists, for industry must follow developments
closely and seize upon every opportunity to participate. Cooperation
between government and industry is essential if reasonable judgements
are to be made.
Ambient air standards alone are enough to challenge the wisdom of
Solomon. Should they be based on possible health effects? If so,
what is a health effect? Is it an odor, pleasant or unpleasant? Is
it a momentary irritation?
Should standards be set based upon the preponderance of evidence?
Or should they be the minimum suggested by a single, unconfirmed
laboratory study? Should standards be designed to protect the most
sensitive individual? What about the one person in a thousand who
might not like the smell of broiled steak?
In the case of particulates which affect visibility in low con
centrations without any health effect at all, what is the background
level? How much should human activity be permitted to increase the
background level? What about- allowing for the weather, the uncontrol-
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Table variable which may affect pollution concentrations by a factor
of five or ten? Careful consideration must be given to all these
questions. And industry must furnish advice on technology and econ
omics so that realistic standards, not idealistic goals, are adopted.
A number of states have already adopted air quality standards and
presumably will submit them to HEW for approval at the required time.
If the standards are unreasonable, as are some of the sulfur dioxide
standards derived from the first, discredited criteria, industry should
take now whatever steps my be necessary to have the standards modified
before submission to HEW.
Emotion and politics have provided much of the impetus for air
quality control programs. There have been distortions of fact, un
founded condemnations of industry, and in general an adversary system
of government against industry has been fostered.
Not the least of
the causes of problems is the fact that air pollution is a technical,
complex subject. Some individuals, simply because they were physic
ians, engineers or professors, were assumed to have adequate training
and were appointed to control or advisory boards. But titles do not
guarantee qualifications. I recall particularly one professor, a
biologist and a strong and vocal proponent of strict controls for
industry. He told me in all seriousness that a plant of my company
could reduce sulfur dioxide emission by enlarging the electrostatic
precipitator^ the system! We should remember the words of another
professor, a chemist, who wrote: "A reputable scientist speaking in
his own field deserves careful attention - a scientist speaking out
of his field should be given one vote, just as anyone else."
It is regrettable to me that some scientists use their prestigious
positions as platforms from which to expound publicly their unproved
speculations about air pollution. Scientists are supposed to doubt
unconfirmed findings and to search for truth - or so I was tauaht.
They are expected to draw conclusions based upon sound data, not to
extrapolate without reservation. But that kind of thing is being done.
Let me cite two examples.
A well-known analytical chemist found minute quantities of selenium
in cigarette paper and other types of paper. It wasn't really a sur
prising discovery. With our advanced micro-analytical techniques today
we can trace many elements in ordinary items. But in this particular
instance the finding of selenium in cigarette paper was promptly
translated, in the university news releases, into a possible cause of
lung cancer among smokers. There is no sound basis for any such infer
ence. Actually, traces of selenium in our bodies are considered normal
and essential.
A year or two ago in the British scientific journal, "Nature", there
was a report of mutations produced amoung fruit flies as a result of
laboratory exposures to high concentrations of nitrogen oxide gases.
A few months later a famous chemist, famous especially in the chemistry
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of air pollutants, publicly warned of possible genetic changes in
people exposed to traces of nitrogen oxides in city air. There ought
to be a code of ethics for scientists that would prohibit such fearmongeri ng.
So it's not surprising that people get frightened about air pollu
tion. It is heresay to say so, but I believe that fear has been a
weapon deliberately used to promote air pollution control and that the
public has been sold something of a bill of goods. Surely government
has a duty to present all of the facts fairly to the public which will
ultimately bear the costs of cleaner air. Regulation for regulation's
sake and unnecessary expenditures are not in the best interests of the
people.
Is air pollution undesirable? Of course it isl Can we have our
kind of city living without it? We cannot, for some air pollution is
inevitable in our cities. Is it getting worse by the minute as all
the publicity media and certain publicity-seeking scientists say it
is? It is not - surprising as that may seem.
Air pollution is commonly defined as the presence of contaminants
in the air in 1arge enough quantities for a long enough time as to
cause injury to life or property or to interfere unreasonably with
enjoyment of life and property. Immediately we get into some sticky
questions of what constitutes injury and what is meant by unreasonable
interference with enjoyment. U1timately the courts will have to decide
____________
some of these questions. Meanwhile there are the obvious cases of
sootfall or dustfall on and in our homes so as to make cleaning a daily
chore. There is the annoying eye irritation of photochemical smog as
in Los Angeles. Clearly, efforts must be made to eliminate these
nuisance conditions or to reduce their frequency and severity.
Unfortunately, however, some zealous air pollution control advocates
have gone far beyond necessary and reasonable goals in setting air
quality standards that must be met in their areas. They are saying
that a momentary odor is an effect on health. They are reaching for the
elimination of hazes and fogs, even though such phenomena exist without
man-made pollution.
They are emphasizing esthetic effects even more
than nuisance or possible health effects and - in the manner of idealiststhey forget about the costs.
I would have no quarrel with idealists if the costs were ones we
could bear and if there were no more pressing problems facing us. But
I find it somewhat inconsistent and ridiculous to be concerned about a
visible atmospheric haze, outdoors,- caused mostly by moisture, when
we sit in smoke-filled rooms, eat in odorous, smokey restaurants, and
breathe air in theaters and schoolrooms much more contaminated than
outside air. I find it odd that large sums of public money are spent
in fruitless searches for health effects from air pollution, when
10 million or more of our citizens suffer from hay fever or asthma
caused by natural airborne pollens. (So far as I know, federal air
pollution control grants have not cut a single ragweed.)

192

Where does air pollution come from and can we eliminate it? If
I may have the first slide please. Here we see the government's
estimate of the contributions from various sources. And we see at
once that automobiles lead with 60% of the total. In Los Angeles the
contribution from automobiles is 85 to 90% instead of 60%. You are
aware I'm sure that crankcase emission controls have been mandatory
on cars for several years and that exhaust-emission controls have been
required beginning with the 1968 models.
I am certain that controls on automobiles are improving, and will
improve further, the quality of air over our cities. I believe that
the improvement will be shown by air quality measurements and that it
will even be noticeable to the average citizen. The particulate
emissions directly from automobiles and those resulting from subsequent
photochemical reactions of exhaust gases markedly affect visibility.
Emission control devices are costing the auto-buying public, at
$25 per car, about 200 million dollars a year. Many cities do not
have significant auto smog problems and certainly the rancher in
Wyoming or Nevada is not concerned. He still must pay the extra cost,
however, for the benefit of the city dweller. There simply isn't any
reasonable alternative to factory installation of control devices on
the ubiquitous, mobile, American car.
Let's focus on industry for the moment. We see that industry's
estimated contribution is considerably less than we would think,
judging from newspaper articles and television programs. People tend
to overlook the automobile, which is a small individual pollution
source, and to point the finger at one industrial smokestack, perhaps
the only one in a square mile. Its contribution may be negligible in
the overall scheme, but it is seen and is automatically damned. We
should remember that control officials whipped the wrong horse in
Los Angeles for years before they identified the auto as the principal
problem.
In the next slide is shown a graph taken from a report of the
Daddario subcommittee of the U. S. House of Representatives. Here we
see that pollution levels in our cities correlate almost perfectly
with city populations. The large the population, the greater the con
centration of people, automobiles, heating units, garbage burners and
the like. The greater the concentration of pollution sources - units
per square mile, we could say - the greater the concentration of pol
lutants in the air.
Let me define some terms. Concentrations of particulate pollutants
such as dust, smoke, metal fune, and liquid droplets are usually ex
pressed in micrograms per cubic meter of air. Concentrations of gas
eous pollutants, like carbon monoxide or nitrogen oxides, are expressed
as parts per million parts of air by volume.
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TOTAL U.S. AIR POLLUTION
BY SOURCE-1966

Source THf SOURCES OF AIR POLLUTION AND THFIR CONTROL
Dr'partmen! ol Health Education and Welfare; 19C6
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A microgram is an exceedingly small quantity. One ounce weighs
about 28 million micrograms. An ordinary aspirin tablet weighs about
400,000 micrograms.
A cubic meter is somewhat larger than a cubic yard.
Less than one cubic foot of carbon monoxide would produce a part
per million concentration in this room.
In the next slide we see a number of major metropolitan areas
ranked in a table according to pollution and population. Again we
see that, with few exceptions, correlation between pollution and pop
ulation is excellent. St. Louis for example, is 10th in population
and also 10th in pollution. As the Daddario report says, it is clear
that pollution is an unavoidable consequence of the agglomeration of
people, cars and industry. A conclusion is suggested that clean air
for very large cities is inherently difficult to attain.
Now what about my earlier statement that pollution is not rapidly
getting worse. What evidence do I have?
Again I use the government's own figures, not its public information
releases, to make a point. In the next slide we see a bar graph of
average particulate concentration - micrograms of particles per cubic
meter of air - for 65 cities in which samples were collected every
year from 1957 thru 1965 as a part of the National Air Sampling pro
gram.
Sampling the air is an exacting business, but it is the only
reasonably dependable way we have of measuring air quality. Our
vision alone is too easily fooled. In any case, as we see from the
slide, there is no doubt that particulate pollution has not increased
from year to year. There are slight variations but there is no distinct
upward trend.
In the next slide we see the same graph to which I have added bars
for 1966 and 1967, using figures yet unpublished but made available to
me through the courtesy of Dr. John Middleton, Commissioner of the
National Air Pollution Control Administration. Here we see a drop in
particulate levels that seems to be real. It may indeed be real and
it may be caused by auto emission controls. If that is so, 1968 and
'69 should show further reductions as newer cars replace older models
without controls. Compare, by the way, these levels with the results
of air pollution studies in 1931 and 1932. Average particulate concen
tration in 14 major cities then were found to be 510 micrograms per
cubic meter, five times the concentrations shown on the graph.
In the final slide are shown particulate levels monitored contin
uously at my laboratory in suburban Salt Lake City since 1945. Here
again a decline over the years is indicated. And that in spite of a
doubling of the population in the metropolitan area and a four-fold
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increase in numbers of automobiles.
The only explanation I can offer
for this phenomenon is that pollution due to home heating, which used
to be done with small, inefficient coal-burning stoves and furnaces,
has been eliminated by conversion to natural gas or electric heat.
Most coal-burning is done now in large, efficient units for cower
producation. Another factor may have been a reduction in dust from
decreased farming activities.
We have seen on the slides only particulate levels. The data
on polluting gases are more limited, but there is no indication that
overall gas concentrations have increased.
I cannot emphasize too strongly the word "concentration". While
it is probably true that the total amount of air contaminants released
in the nation each year is increasing as our population increases, the
concentrations of air contaminants at any given point determine the
effects, if any. And it is evident, from the best figures we have
available, that concentrations of various pollutants are not increasing.
President Johnson, in a message to Congress last year, missed the
point completely. He said: "From the great smokestacks of industry
and from the exhausts of motors and machines, 130 million tons of soot,
carbon and grime settle over the people and shroud the nation each year."
The President neglected to mention that, at any given moment, not a
year, the air over the 48 contiguous states weighs about 100 million,
million tons, air which dilutes and disperses the pollutants. This
vast reservoir is constantly changing and being renewed by the west
to east air movement over the continent. The President made one good
point, however. The soot, carbon and grime do settle out or are wash
ed out of the air. They do not accumulate endlessly. Other mechanisms
take care of polluting gases. Carbon dioxide, for example, is used
up by growing plants or is absorbed in the oceans. Some scavenging
mechanisms are not understood. We don't know what happens to all the
carbon monoxide, one of the most abundant pollutants of all. But it
does disappear.
Much has been said in publicity media about the terrible conse
quences to health of breathing airborne particulates. So far as soot,
carbon, and grime are concerned President Johnson could have stated that
most of it is in the form of particles too large to be inhaled. I'm
sure you are aware from your studies of accident and occupational
disease prevention in mining that only the very smallest microscopic
particles get into our lungs, that most of them are then rapidly swept
out or are otherwise cleared by the lung's protective mechanisms. We
inhale particles literally all our lives, and unless our protective
mechanisms are overwhelmed, there are no apparent harmful effects.
It is impossible to review here all of the studies made in an
attempt to show that significant health effects are being caused by
current levels of pollutants - particles and gases - in the air of
our cities. Patterns of deaths in the United States have failed to
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suggest any differences which could be attributed to air pollution.
A recent study on large populations in California similarly have not
shown an air pollution-mortality relationship. So far as chronic
respiratory disease is concerned, there have been both negative and
positive findings relating chronic bronchitis and air pollution. I
think it would be a fair statement to say that air pollution in our
cities today probably does not cause disease, but that it may aggravate
existing disease. We should remember, however, that temperature and
humidity, environmental factors surely as important as pollutant
levels, have unquestioned effects on health. Further, the elusive
ness of provable air pollution health effects strongly suggests they
are minor compared with the effects of Asian flu, the common cold,
heavy cigarette-smoking, or even hay fever.
Let me sum up my personal views by saying that I appreciate clean
air as much as anyone. I believe in industry’s obligation to be a
good neighbor and I'm sure that better controls of some industrial
emissions in certain areas are needed to improve environmental quality.
But I know that we don't have feasible solutions to all the emission
problems of industry. We must wait for solutions to be developed.
Meanwhile I believe our most effective efforts will be those directed
toward further reduction of auto emissions.
And I know that even with the best of controls, we're going to
have air contaminants in the form of dusts, mists, gases and vapors even compounds resulting from the action of sunlight on substances
evolved from natural vegetation. We'll still have hazes, smazes,
fogs and smogs for there is no such thing in nature as perfectly
pure air.
Finally, I cannot subscribe to, nor does the record support, the
widely-held opinion that air pollution is an immediate or near-term threat
to our existence. There is more nonsense than truth in all the talk
about air pollution, and I hope that the facts I've presented to you
this afternoon have helped put the problem in proper perspective.
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COMMENTS
QUESTION: Mr. Nelson, I happen to have at home a pamphlet. I think
it was a digest of an article or lecture of yours in which you dis
cussed more fully than you touched on it today, the actual health
affects, if any, of the inhalation of sulphur dioxide. Today you
didn't touch on that very fully. I believe this audience woL'‘'d appre
ciate it if you'd give them just a few of the facts that you set forth
in that book.
ANSWER: I'd be happy to do so provided that I wouldn't be infringing
on the subsequent speaker's field. Sulphur dioxide is of course of
prime interest to us in the smelting industry as we are large emitters
of SO2 but not the largest. I think you all realize that power plants
burning high sulpher coals are the largest emitters as a single group
in the United States. SO2 has been unjustly maligned. If first
really began with the London episode of 1952, when, as you will prob
ably recall, there vtere 4000 excess deaths over a period of about
10 days during a real pea souper. It was a stagnation such as London
has never experienced in the past and will never experience again, by
the way, because of changed fuels. To think that people were liter
ally lost on the streets. They could not find their homes. They
were completely disoriented. During this high pollution episode
particulars were being made. Particulars that were extremely high
in milligrams, not the micrograms. The SO2 level, as I recall, was
something around 1 1/2 or 2 parts per million. Both particulates
and SO2 were being measured. They were the only pollutants that were
being measured. So, the thinking then was, well, sulphur dioxide
must have done it. A lot of research began to be done on sulphur
dioxide and its affects on human beings and a growing impression was
that sulphur dioxide was the bad actor in any pollution episode, flowever, in 1962, there m s another smog in London. Now by this time
the Clean Air Act had taken affect and coal burning in home fire
places was banned. In 1962 the particulates were quite low. I've
forgotten the figure but it v;as around a milligram per cubic meter.
The sulphur dioxide strangely was higher than it had been in '52. .
Now in '62 there were 400 deaths with higher sulphur dioxide concen
trations than there were in -52 -- 4000 deaths. This indicates to me
that perhaps sulfur dioxide was not so bad as it had been maintained.
Now some of our states have passed very low ambient air quality
standards. They passed terribly restrictive standards. Levels which
no one could detect by odor or taste. And this is tough on the smelt
ing industry.
We have just come from experiments at Salt Lake City and according
to our tests in a walk-in exposure chamber we cannot smell SO2 at under
a part and a half per million. Most people can't smell it at that
level. The majority smell it at something like 2 parts per million.
Now these figures agree with the old Bureau of Mines figures back in
1915. But yet you will find in the literature, odor thresholds at a
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a half a part per million and we can't determine that. Yet a half a
part per million was the level chosen by California based on odor. We
need more tests.
There's a real public policy problem here that involves the
gap between injury and simple perception by the population. I have no
idea really how we handle this, but it turns up in all of these quali
tative environmental problems where you may be learning less of injury
than of people's perception of a problem. For example, I don't know
why, in St. Louis you can correlate house values with air pollution.
It may be people's perception that there is a problem or that they
don't like it here or something like that. Nevertheless it is re
flected in home values.
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SMOKE HANDLING IN A LEAD SMELTER
by
F.
W. Gibson
Smelter Manager
Missouri Lead Operating Co
Boss, Missouri
Smoke in General
Smoke is the term commonly used to refer to dust, fume and gas
which are natural by-products of all smelting operations. Strictly
speaking, the term "gas" should be limited to material which carries
no solids or liquids in suspension. "Fume", as differentiated from
"dust", refers to material which has been volatilized or sublimed
and then condenses as the gases become cooler. "Dust" is any solid
particle small enough to be carried by the gas current.
Smoke is produced from three sources in the lead smelting operation:
1.
2.
3.

Sintering
Blast Furnace Smelting
Hygiene Ventilation

Sintering is the process in which the sulfur content of the lead
concentrates is burned off, and at the same time the material is
agglomerated into porous lumps for feed to the blast furnace. The
burning of sulfur is the source of SO 2 gas in the process smoke.
Smelting is the melting and reduction of the sintered material in
a furnace, using coke as a fuel and an air blast to support combustion
Hygiene ventilation is the collection of fume and dust produced at
several intermediate stages of both the sintering and smelting opera
tions.
Gases produced in the various operations are eventually discharged
into the atmosphere but before this is done it is necessary to:
1.
2.
3.

Remove the suspended particulate matter.
Cool the gases as much as practical for condensation
of fume.
Remove or dilute SO 2 .

In practice dust and fume are mixed and collected together in a
single product commonly called "dust", even though the bulk of the
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material is a true fume.
Subsequent treatment of the recovered dust will depend upon the
composition of the product. Many smelters have by-product plants
incorporated in the operation for recovery of fume values such as
cadmium, zinc, selenium, etc.
The principal gases found in lead smelter smoke are nitrogen,
water vapor,'carbon dioxide and sulfur dioxide. Sulfur dioxide 1 s
the only one of these gases which can be harmful to vegetation or cause
irritation to humans.
It is for this reason that treatment
.
and final
disposal of SO 2 is important in smelting operations.
History of Dust and Fume Recovery
In the United States lead was first mined and smelted in 1621 at
Falling Creek, Virginia. However, it was not until 1720, at Mine La
Motte in southeastern Missouri, that lead smelting was carried out
on a commercial basis.
The smelting was done in crude furnaces consisting of enclosed
stalls with inclined floors. Galena was charged on top of a wood
fire and the melted lead trickled down the inclined hearth and was
collected in a basin. This type of furnace operation continued
until 1836, when the first Scotch Hearth was introduced from England.
The Scotch Hearth employed an air blast to reduce lead from a
charge of Galena and charcoal or fine coal. The hearth furnaces, with
various improvements, predominated in smelting lead in the Mississippi
Valley of Missouri and Illinois and the tri-state area for the next
80 years.
The hearth furnaces were limited in their application to coarse,
clean, high grade lead feed. Therefore, with the discovery of the
silver bearing lead deposits in the West between 1865 and 1880 and
the limitations of the hearth furnaces, the lead blast furnace came
into prominence and has now replaced all other types of lead furnaces
in the United States.
In the early days no attempt was made to collect or recover the
dust and fume from smelting operations. Hearth furnaces, under the
best of conditions, produced large amounts of dust and fume amounting
to 25-30% of the ore feed. During the 1860's some smelting plants
started use of long flues and settling chambers from the hearths to
a single stack in an effort to recover dust and fume.
The first successful fume recovery was accomplished by bag filter
ing in 1876 at the Lone Elm smelter in Joplin.
By the turn of the century some combination of flue, settling cham
ber and bag filter arrangement was common on all hearth operations.
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Blast furnace operations utilized a flue system only, as the lead
content of the charge was low (10-20 %) and the furnaces operated with
cold tops which resulted in a dust fall of only 2-3% with little or no
fume produced.
Bag filtering was used only if the values of the recovered dust
and fume would pay for the installation and operating cost of a baghouse.
By 1906 the concentration of lead blast furnaces in urban areas
had come to such a point that local laws were passed to restrict
emission of fume and dust to the atmosphere. For example, there was
a total of 20 blast furnaces operating within a 20 mile radius in the
Salt Lake Valley, 10 in Leadville, Colorado and 7 in the city limits
of Denver.
As a result, in order to comply with state and local laws as well
as to be protected against possilbe damage suits, all the lead smelting
plants went to bag filtering of furnace fumes.
About the same time that baghouses were coming into general use
for fume recovery. Dr. F. G. Cottrell developed and patented a process
for the recovery of fume by means of electrostatic charges, commonly
known as the Cottrell process.
The first commerical application of this process was for the recovery
of sulfuric acid mist at the Selby smelter in 1906.
The Cottrell process was not limited to handling the relatively
chemically inert and cool gases as was the baghouse, but could effect
ively remove fume from hot corrosive gas. Therefore, it soon became
universally used in the copper smelters for the recovery of fume from
roaster, reverbs and converters, as well as having widespread use in
the recovery of fume from roasting and sintering operations in the lead
smelters.
By 1920 the effective recovery of fume and dust in the smelting
industry had been accomplished through use of baghouses and Cottrell
plants. However, there still remained the problem of sulfur dioxide
produced in the roasting and sintering operations. Although dust and
fume recovery of over 99% was possible, SO^ passed freely through baghouses and Cottrell treaters. Most smelters attempted to remedy the
SOp problem by passing the filtered gas into a common flue and dis
charging it into the atmosphere through high stacks.
This method of SO^ abatement was only partially successful as
evidenced by the steady increase of smelter stack heights, which
increased from 200' in 1910 to over 800' today.
By 1930 a great deal of work had been done on studies for the
removal of SO2 from smelter gases. Many methods were proposed.
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but as none were of sufficient commercial value to warrant an ela
borate treatment plant, especially from lean gas containing less than
two percent SO2 , little progress was made.
The copper smelters at Garfield, Utah; Anaconda, Montana; and
Ducktov/n, Tennessee; started producing limited amounts of sulfuric acid
from a portion of the gas for use directly in their plants.
The first production of sulfuric acid from a lead smelter was at
the Selby Plant of the American Smelting and Refining Company during
the 1940's. This was accomplished by recirculating part of the gas
from a down draft sintering machine back through the sinter bed to
obtain a gas strength of 4-5% of SO2 . However, in this methods only
a relatively small amount of the sulfur burned was recovered as sul
furic acid.
With the development of updraft sintering at Port Pirie, Australia
about 1950, it became possible to recover up to 90% of the sulfur
burned as sulfuric acid without any recirculation of gas, and the prob
lem of SO 2 emission from lead smelters was well on the way to being
solved.
Recovery and Utilization of SO 2
Most lead smelters in the United States dilute the SO 2 gas by
combining the cleaned process gases into a common flue and discharging
it to the atmosphere through a tall stack. Normally, wind currents
will diffuse and dilute the SO2 content to such an amount so as to
be harmless at ground level.
However, with the ever increasing public emphasis on elimination of
air pollution, it is apparent that emissions of SO2 gas and particulate
matter to the atmosphere will not be tolerated.
Particulate matter, such as dust and fume in smelter smoke, present
no problem as recovery by filtration in baghouses and retreatment of
the recovered product are relatively straightforward procedures.
Hov/ever, the SO2 in the gas from the sintering operation presents
a complex problem. Not only must the SO 2 be removed from the gas, but
it must be in the form of a disposable product.
One practical approach, as far as smelter operations are concerned,
is to make sulfuric acid from the SO 2 -bearing gas produced in the
roasting operation. As the roasting of lead concentrates is carried
out entirely on sintering machines this type of operation causes sev
eral problems in the acid plant; namely, discoloration of the product
acid by unburned organic flotation reagents in the concentrate, and
the grade or strength of product acid from varying SO2 concentrations
in the gas.
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The latter can be controlled, but the discoloration of the acid
has restricted the use of acid produced from a sintering operation.
Although there are several methods by which the black acid can be partically clarified, none will result in a colorless acid such as is pro
duced from the burning of sulfur, and as a result the only commercial
outlet for this acid has been in the fertilizer industry.
In spite of the problems presented, the Amax-Homestake group
decided in 1965 that air pollution control was imperative and as a
result a sulfuric acid plant was included in the basic design of the
new Missouri smelter in order to reduce to a minimum air pollution
from SO2 .
The design of the sulfuric acid plant at Missouri Lead Operating
Company's smelter is to produce 200 tons of sulfuric acid per day from
an updraft lead sintering machine delivering a gas analyzing as follows
% Range Vol.
S02

4-7

02

4-9

C02

3-4

N2

84-85

SO3

.05-.2

Dust Content

25 grains/scf

Temp.

4000 - 665° F

Moisture Content

25% by Vol.

Vessel sizing; for 25,000 scfm dry gas, with gas cooling system
sized to maintain a water balance for the production of 66 ° Be' acid
with gas strength of 4% SO2 at 21,000 scfm.
Acid Plant Operation
Essentially the sulfuric acid process consists of three principal
steps:
1.

Purification and cooling of the SO2 laden gas from the sinter
machine.

2.

Conversion of the purified SO2 gas to SO3 .

3.

Absorption of the SO3 in sulfuric acid.
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The SO 2 gas from the sinter machine contains dust and. metallic
fume impurities which are removed by filtering the gas through bags in
a six compartment baghouse. The hot filtered gas contains excessive
water vapor which must be removed by cooling in order to produce a high
strength acid. This is accomplished in a tower packed with ceramic rings
in which cold weak sulfuric acid is used to scrub the gas passing
through the tower.
The cool gas is then passed through an electrostatic precipitator
where any remaining fume and dust are removed along with any acid mist.
The gas is now optically clear and is passed through a drying tower,
where a counter current stream of 66 O Be' acid removes all of the re
maining v/ater vapor.
The clean dry gas leaving the drying tower is then forced through
the remainder of the plant by the pressure side of the main blower.
The conversion of the SO2 in the gas takes place in a converter
which is a steel tank containing separated layers of vanadium pentoxide
catalyst. The catalyst accelerates the reaction between SO2 and oxygen
to form SO 3 .
As the SO 2 is being converted to SO 3 considerable heat is evolved
which increases the gas temperature.
In order to obtain efficient con
version the temperature range must be controlled carefully. This is
accomplished by adjusting the flow of gas through a series of external
heat exchangers by means of manually controlled valves.
The SO2 gas oroduced in the converter does not combine directly with
v/ater, but must be combined indirectly by absorbing it in 98% sulfuric
acid. This operation is carried out in the absorbing tower.
The acid in the absorbing tower is strengthened by the absorption
of SO3 while the acid circulating over the drying tower is diluted by
the water in the SO2 gas. Acid strengths are maintained by cross cir
culation of both acids through their respective pump tanks. The con
stant transfer of acids containing SO3 and water increases the amount
of acid in the system. The cross flows are adjusted so that this ex
cess acid is maintained at 66° Be', which represents the production and
is pumped to storage.
Recovery of Dust and .Fume
Due to the low sulfur content of a lead blast furnace feed, little
or no SO2 is formed in the smelting operation. Most of the sulfur combi nes wi th copper and iron to form a matte or dross with lead bullion
or remains in the slag.
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The smoke produced in the blast furnace operation consists prin
cipally of oxides of lead and some zinc, along with carbon dioxide,
nitrogen and water vapor. The dust loading varies considerably depend
ing upon the condition of the blast furnace. Normal dust and fume con
tent is in the range of 0.2 to 5.0 grains/cu.ft. of gas, however, this
will increase appreciably if furnace conditions are such that a "blow
hole" is formed or the furnace is being operated with a low charge
column.
In either case, not only is the dust loading increased but also the
temperature of the gas rises, which will exceed 1200° F at times. The
temperature is controlled by the addition of cooling air, high pressure
water sprays or combination of both. The variations in dust loading
and gas volumes are handled more efficiently in a baghouse than in any
other type of dust and fume recovery equipment.
Our baghouse is designed to handle not only the smoke from two lead
blast furnaces and a dross reverb, but also the hygiene ventilation
around these furnaces, as well as the dust produced at the discharge end
of the sintering machine and primary crushers. Overall dust and fume
recovery is in excess of 99% and there is no visible plume of "flag"
from the stack.
The baghouse is a Wheelabrator, two section type, with 7 compart
ments per section. Each compartment contains 416 bags, 8 " diameter
X 20' long.
The baghouse has a capacity of 450,000 dfm at 230*^F and operates
under a pressure of from 2.5 to 6.0 ins water.
Filtering ration with one section out and handling the maximum
volume of 450,000 cfm is 2.1 cu. ft. of gas to 1 sq. ft. of cloth area.
Gases from the various sources are combined in a centrally located
cooling chamber where they can be cooled to 230° F, if necessary, by
means of outside air and a water spray system.
Two Sturtevant 6 ' x 12' double inlet, draft fans, each rated at
235,00 cfm at 230° F and 12' W.G. move the gas from the cooling chamber
to the baghouse. With this arrangement it is possible to. operate only
one half of the baghouse if conditions allow.
The baghouse operation is fully automatic. Temperature is controlled
primarily by the addition of atmospheric air through a damper located
in the cooling chamber.
A series of high pressure sprays are also
installed to supplement the air cooling in cases of extreme temperature.
Shaking of the bags in each compartment for the removal of dust is
set on a five minute time interval. A timer actuates the individual
inlet dampers and bag shaking mechanism.
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Dust is removed from hoppers under each compartment continuously
by means of screw conveyors.
In order to reduce dust losses and minimize localized hygiene prob
lems caused by blowing dust, all dust recovered in the baghouses is
transported in closed drag conveyors to a 25 ton surge bin. From this
bin the dust is then fed into a drum mixer where it is moistened and
blended with fine product from the sinter machine.
The preceding has been a general description of the smoke problem
in the lead smelting industry and the approach used by the Missouri
Lead Operating Company in its solution. This does not mean that there
are no other means of treating the smoke problem, but to attempt to
cover all phases of smoke handling would require much more time than
is presently available.
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COMMENTS
QUESTION: On cooling your gases down I think you said you let cool air
in and in addition you have a method of spring houses to help cool this
gas. How did you handle the water moisture content in the gases? Did
this go directly into the bag chamber?
ANSWER: Normally yes. Now one of the reasons we use air for cooling is
that you can get yourself in trouble using a lot of water and get con
densation in the bag house, sticking of the bags and such. We prefer
to go in with a big bag house with the additional cost to build it,
using air as a prime coolant— backed up only when necessary with the
use of water.
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S02 PROBLEMS

by
Erie K. Diehl
Project Scientist
Bituminous Coal Research
Monroeville, Pennsylvania
Introducti on
The problem of emission of sulfur dioxide from the combustion of
fossil fuels is not new, but it has received growing emphasis in re
cent years as one of the major targets in the overall attack on the
pollution of our air. While there may be some disagreement as to the
extent to v/hich the presence of sulfur dioxide in the atmosphere con
stitutes a danger to life and property, there is no disagreement that
its existence creates a problem.
Issuance of the Federal Air Quality Criteria for Sulfur Oxides in
February of this year triggered a program whereby officials in cer
tain designated air quality regions are required to meet a definite
timetable for the development of control standards. Many cities and
states have already been engaged in developing standards for the con
trol of sulfur dioxide, having begun some years prior to the appear
ance of the Federal criteria.
This area of endeavor also has its problems. The development of
standards, and plans for their implementation and enforcement, should
be based upon a good understanding of the technological and economic
factors involved in meeting the standards. Assessment of those fac
tors is often difficult because of the lack of sufficient good data.
A significant amount of research is being conducted to solve a
third type of problem. That is the development of technically and
economically feasible methods for controlling sulfur dioxide emission
at its source. It is in this area that the coal industry is vitally
interested.
In spite of the acknowledged air pollution problems accompanying
the use of coal, the ever-increasing demand for electrical energy
alone v/ill require its continued use for many decades. The challenge,
therefore, is to develop means for controlling, or preventing,
emission of pollutants from what will continue to be a major source
of energy.
This paper reviews the status of current research aimed at pro
viding a solution to the problem of sulfur dioxide emission from
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coal-fired equipment. Emphasis is given to those control methods
which appear to be approaching practical application.
Several approaches to the problem of sulfur dioxide emission appear,
on the surface, to be rather elementary. One of these is the use of
tall stacks, or multiple-flue stacks, to effect the release of flue gas
at elevations where natural dispersion will reduce the concentration of
sulfur dioxide which reaches ground level at any specific location.
This concept is being employed quite widely in England, with results
which are apparently acceptable at the present time. Several new power
plants in the United States will have stacks 800 to 1,200 feet high.
Advancing technology in the area of high voltage transmission has
led to the "mine-mouth" power plant concept. This locates the plant
near the fuel source, away from the large urban areas v/hich the plant
generation serves. As a result, human population is much less affected
by the plant effluent. But, the solution is not a complete one. Rural
location of a power plant often places it in an area where major agri
cultural operations fall under the influence of stack emission. Thus,
emission control is often equally necessary.
Current research includes the accumulation of data to evaluate the
effect, upon ambient air quality, of high-level emission, or of emission
in relatively isolated geographic locations.
An obvious, simple way to reduce sulfur dioxide emission is to
reduce the amount of sulfur burned--use of a low-sulfur coal. Table 1
shows the sulfur content of utility coals. Ninety percent of these
contain more than one percent sulfur, a level which is rapidly being
incorporated into air pollution control legislation. Most of the
reserves of low-sulfur coal lie west of the Mississippi River, v/hich
makes them economically unavailable to the large eastern energy market.
Certain mid-west utilities indicate that the cost of one percent
sulfur coal would be 50 to 100 percent higher than that of the higher
sulfur coals currently being used.
TABLE I. SULFUR CONTENT OF UTILITY COALS
Percent,
Sulfur

Percent of
Total

Percent,
Cumulative

10.4

10.4

1 .1- 1.6

12.8

23.2

1.7-2 .2

20.4

43.6

2 .3-2.8

14.6

58.2

+ 2 .8

41 .8

100.0

0.4-1.0
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An additional factor limiting the "simple" approach of substituting
low-sulfur coal is the basic element of boiler design. Nature has est
ablished the general pattern among United States coals that those
having a high sulfur content have a lov/ ash fusion temperature, while
lov/-sulfur coals tend to have high ash fusion temperatures. Boilers
are designed for dry ash removal or for slag tap (wet-bottom) operation,
depending upon the source of coal anticipated over the life of the unit.
A shift to a low-sulfur coal and, therefore, to a high ash fusion coal,
is often not possible in a boiler originally designed for wet-bottom
operati on.
Desulfuri zati on
If naturally low-sulfur coals are not readily available, then what
are the possibilities of removing some of the sulfur before the coal
is burned?
Sulfur in coal occurs in tv/o main forms. A portion of it, the
"organic" sulfur, is bound as an integral part of the coal molecule; the
"pyritic," or mineral sulfur, exists as discrete particles in the coal
mass. These particles vary widely in size, and in their distribution
throughout the coal.
The ration of organic to pyritic sulfur in the United States coals
can vary from 60:40 to 20:80.
If the sulfur is predominantly pyritic,
and if, during size reduction of the coal, it is of a size and distri
bution to allow it to be freed from the coal mass, then separation by
gravity methods can be accomplished.
Early studies by Bituminous Coal Research, Inc., on a few selected
high-pyrite coals, shov/ed that an appreciable amount of the pyrite could
be liberated and removed by gravity separation if the coal were reduced
to a 60-mesh size or finer. Unfortunately, the coal size most compat
ible with pyrite removal was not a practical size for shipment.
It became apparent, therefore, that if pyrite removal is to be
accomplished on those coals v/hich are receptive to pretreatment, the
process would have to be applied at the power plant. Accordingly,
Bituminous Coal Research, Inc., is presently engaged in a pilot study
on in-plant removal of pyritic sulfur utilizing characteristics of the
pulverizer which accepts 1 -1/2 inch coal, and delivers 200 -mesh coal
to the burners (Figure 1).
The research, jointly sponsored by 12 eastern utilities, incorp
orates a two-step process, First, the commercial pov/er plant pulverizer has a built-in device for rejecting large pieces uf pyrite-rich
coal--the so-called "tramp iron chute." Initial study involves
optimization of pulverizer performance, seeking a maximum reject of
pyrite with a minimum loss of good coal.
The second phase of the research deals with the removal of pyrite
from the intermediate size coal which recycles inside the pulverizer.
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A portion of this recycle load is gravity-cleaned externally and the
clean, pyrite-free coal is returned to the pulverizer for further re
duction in size.
The process will result in the rejection of a pyrite-rich fraction,
with some loss of good coal which would have otherwise been burned.
Additional research by others, much of which is under sponsorship of the
Public Health Service, is directed toward the ultimate utilization of
the pyrite-rich coal fraction. Successful utilization can favorably
affect the economic of the pyrite removal process.
Still other research activity is aimed at determining how widely
applicable pyrite-removal methods may be. Studies of sulfur distri
bution in commercial utility coals, and of the effect on pyrite removal
of different cleaning methods, are a part of the research.
A recent paper by R. D. Saltsman, "Facing Up to the Sulfur Content
of Coal," presented at the ASME Fuels Division Industrial Fuels Con
ference in St. Louis, described the coal preparation studies currently
under investigation at Bituminous Coal Research, Inc. The multi
phase program includes studies of the cleanability of various highpyrite coals by conventional cleaning methods, and characterization of
the pyrite-rich fraction which results from this treatment.
Sulfur Dioxide Removal from Flue Gas
Lacking the ability to obtain, or use, low-sulfur coal, the next
approach is the removal, or partial removal, of sulfur dioxide from the
products of combustion before they are discharged into the atmosphere.
Many approaches can be taken, and each is receiving a great amount of
attention. Two general categories are being studied:
1.
2.

Additives
Flue Gas Processing
Additives

Perhaps the least complex system is the introduction into the flue
gas of an additive that will unite chemically with sulfur dioxide to
form a solid compound (Figure 2). The compound thus formed can then be
removed from the flue gas with conventional dust collection equipment.
The use of finely-pulverized limestone or dolomite for this purpose is
undergoing extensive study.
Early work by Wickert in Germany indicated that as much as 90 per
cent of the sulfur dioxide in flue gas could be removed by combining it
with dolomite dust injected into the combustion unit. Subsequent work
by others resulted in widely varying degrees of success.
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Because of the potential of the method for partial or intermittent
control of sulfur dioxide emission, a broad program of research is under
way. The Public Health Service is sponsoring a multi-mi 11 ion dollar
program of research in areas extending from basic thermodynamic studies
of the limestone-sulfur dioxide reactions to full-scale demonstration
of the method.
The use of additives such as limestone or dolomite is not without
its problems. The choice of the location and method for introducing
the additive into the flue gas is influenced by the need to get optimum
reaction between the solid and the gaseous sulfur dioxide. The amount
of additive required can, in some cases, be equal in weight to the ash
content of the coal. The additional solid material in the flue gas must
be efficiently removed by dust collection equipment, and its disposal
must not create another pollution problem. Solutions to these prob
lems are a part of the current research effort.
A full-scale test of a limestone additive system will be conducted
late this summer on a boiler at TVA's Shawnee Station, Paducah, Kentucky.
Additive testing on smaller-scale equipment is being conducted elsev/here. The city of Chicago, in cooperation with Midwest Coal Producers,
has tested several additives on a multiple-retort underfeed stoker.
In St. Louis, the Chevrolet Division of General Motors has been conduct
ing additive tests on two industrial-size boilers. Peabody Coal Company,
under contract with the Public Health Service, is testing additives on
a pilot chain grate stoker.
Indications are that while emission of sulfur dioxide may not be
reduced to the 90 percent level suggested by Wickert, some 30 to 40
percent is possible by the use of a limestone or dolomite additive
system. While removal efficiency is not as good as that expected
from the more complex systems to be described later, the method may be
useful in specific instances. Where the fuel sulfur content is not
extremely high, or where partial removal of sulfur dioxide is suffi
cient to meet required ambient air conditions, the use of additives
may be the most practical approach.
Further, the use of additives may be the best solution for operators
of commercial and industrial boilers. These units are not normally
of sufficient size to accommodate most of the more complex flue gas
processing systems.
The alkalized alumina process, under study by the U.S. Bureau of
Mines at the Bruceton, Pennsylvania, experimental station, could be
considered a variation of a dry additive system.
Instead of using the
boiler as the "reactor," the Bureau's process picks up flue gas at
about 600 F and passes it through an absorber where it contacts en
trained solid alkalized alumina. Sulfur dioxide is combined as a sul
fate on the sorbent, which is then removed mechanically for regeneration
and recycle. Regeneration of the sorbent releases hydrogen sulfide
which is converted to elemental sulfur.
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Current effort is being concentrated on improving the physical
characteristics of the alkalized alumina. The relatively high cost of
the synthetic sorbent requires that material loss in the system be kept
to a minimum.
Additive Plus Wet-Scrubbing
Scrubbing of flue gases with alkaline solutions prepared from mat
erials such as calcine limestone or dolomite is a wel1-demonstrated
method for removing sulfur dioxide (Figure 3). Wisconsin Electric
Power Company and Combustion Engineering have both investigated the
combination of dolomite or limestone injection with wet-scrubbing.
/\dditive is injected into the furnace of a boiler where it is con
verted to calcium and magnesium oxides by-heat. The oxides carry
through the system with the flue gas to a turbulent contact absorber
where, with water, they form a dilute slurry of alkaline hydroxides.
Sulfur dioxide reacts both with the oxides suspended in the gas, and
with the hydroxide formed in the scrubber. The combined operation has
been reported to remove in excess of 95 percent of the sulfur dioxide.
The wet-scrubbing process has the added advantage of removing solids
from the flue gas. The problem of the increased dust burden is, there
fore, not as critical as it is when additive injection alone is used.
On the other hand, the flue gas leaves the scrubber saturated at about
120 F.
In all probability, some degree of reheat will be required to
assure satisfactory dispersion of the scrubbed gas.
Combustion Engineering is testing an additive injection and wet
scrubbing system in Union Electric's Meramec Station. Kansas Pov/er
and Light has installed the Combustion Engineering process on an
existing 125-megawatt boiler at the Lawrence Station, and is planning
a second unit on a new 430-megawatt boiler being erected there.
These installations will afford the opportunity to assess the feasibility
of the process on a commercial scale.
Disposal of the fly ash-alkaline earth sludge is a problem that
must be resolved. Recently, Combustion Engineering revealed that they
are investigating the conversion of the sludge into a usable produce
such as "cement clinker" or light weight aggregate. The process would
release sulfur dioxide for sulfuric acid production.
Flue Gas Processing
In some respects, flue gas processing methods (Figure 4) are sim
ilar to the additive approach with wet-scrubbing, described above.
However, instead of using a low-cost material, such as limestone, and
producing a non-saleable waste product, some of these systems employ
relatively high-cost chemicsl re-agents. Regeneration of the reagent
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Flue Gas Processing
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becomes an important oart of the process, and production of sulfur in
a saleable form is required to offset the higher cost of the overall
ooerati on.
After extensive pilot testing, Wellman-Lord, Inc., a subsidiary of
Bechtel Corporation, has installed a demonstration plant at the Crane
Station, Baltimore Gas and Electric Company. The Wellman-Lord process
scrubs flue gas with a potassium sulfite solution, the regeneration of
which results in the production of liquid sulfur dioxide. Recent
reports indicate that the demonstration plant is confirming data pre
viously obtained on the pilot plant.
Chemical Construction Corporation, drawing on its experience in the
use of wet-scrubbing techniques for removing particulates from highvolume gas streams, is engaged in the development of the use of aqueous
solutions to simultaneously remove sulfur dioxide. Chemico's somewhat
unique approach is the concept pf a centralized plant for processing
spent reagent.
In theory, the central plant would receive spent
reagent from "satellite" gas-scrubbing installations, regenerate the
reagent, producing elemental sulfur as a product, and return fresh
reagent to the scrubber users. This concept would benefit operators
of smaller combustion equipment, whose installations are not suffic
iently large to make a complete closed-cycle system economically fea
sible.
North American Rockwell Corporation, Atomics International Division,
is under contract with the National Air Pollution Control Administration
to develop a hot scrubbing process, using molten carbonate salts as
the scrubbing medium. This project is rapidly approaching the pilot
staae.
These are a few of the gas scrubbing processes that are progressing
to the stage where technical, engineering, and economic feasibility can
be established. NAPCA is funding, or negotiating, contracts for re
search in all phases of gas scrubbing, ranging from fundamental studies
to support of pilot tests. Important questions in the evaluation of
such systems include:
1. Can they be employed as "add-on" systems to existing boiler
installations, or does their best application require that they be an
integral part of the combustion system design?
2. How much does the economic use of the systems depend upon re
covery of the sulfur as a marketable product?
3. Can the problem of a wet, cool plume, which results from many
gas scrubbing processes, be solved satisfactorily?
There are some obvious advantages to the use of gas-scrubbing
techniques for sulfur dioxide removal. The efficiency of removal is
quite high. The standard hardware can be adapted. In most systems. fly
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ash removal is simultaneous, and in many, the presence of flay ash in
the scrubbing medium has only a minor effect on subsequent processing
for sulfur recovery and reagent recycle.
Still another approach to removal of sulfur dioxide from flue gas
is to convert it to another form before removal. The Monsanto process
(Figure 5), which catalytically oxidizes sulfur dioxide to sulfur trioxide and scrubs the latter from the gas with cool sulfuric acid in
a packed-bed absorption tower, is an example of this category of pro
cesses. The Monsanto pilot plant at Metropolitan Edison"s Portland
(Pa.) station has been operating since late last summer. Monsanto
reports that the plant has accumulated some 6500 hours of satisfactory
operation, and has produced about 1000 tons of sulfuric acid, all of
which has been sold. The plant is providing detailed engineering and
operating data needed for scale-up to commercial size. While a com
mercial installation has not yet been announced, it is probable that
a demonstration unit will be a reality before too long. Because the
process requires some special conditions, such as high-termperature
fly ash removal and catalyst operation at about 900 F, it is best
suited for application in nev/, totally integrated combustion systems.
Other Research
At the outset, it was pointed out that the processes to be dis
cussed were those whose development appears to be approaching com
mercial realization. By no means do these processes constitute the
o n l y possible solutions to the problem of control of sulfur dioxide
emi ssion.
At the close of calendar 1968, the National Air Pollution Control
Administration had 132 active contracts in effect, totaling $15.5 million
A third of these contracts, and nearly half the funds, involved re
search on sulfur dioxide control. Many of the contracts represent co
operative funding of work being conducted by industrial organizations.
The total effort covers a broad field of research, from paper
studies and bench experiments to the design of prototype plants.
In
cluded among the concepts under study are such subjects as direct con
version of sulfur dioxide to elemental sulfur, the use of organic liq
uids or solids as sorbent agents, fluidized-bed contactors, fabric
filters for simultaneous collection of fly ash and sulfur dioxide from
the other flue gas components. Technical ideas, chemical reactions,
and process hardware are available in abundance. The task is to com
bine these elements into a process that can be applied to the solution
of the problem.
Conclusion
With all the research activity by various organizations, it is
probable that an economically attractive approach for the reduction of
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sulfur dioxide emission will be available in the next two to three years.
First-generation processes, such as those being tested by Combustion
Engineering, Monsanto, Wellman-Lord, etc., might be available in less
than two years, depending upon the success achieved in the research which
is now underway.
Large prototype experience on many approaches is anticipated within
the next several years. This should provide the engineering know-how
and detailed economics that will clearly establish the commerical fea
sibility of the processes.
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COMMENTS
QUESTION: I'd like to ask Mr. Diehl a question within the realm of
economics, after all the public is going to have to pay for this. What
are we going to have to pay for this?
ANSWER: There are economics being published right now. If you look at
them closely you will find the economics pretty clearly relate back to
economics of the Bureau of Mines put out about ten years ago. When these
processes were on paper and were not really as far advanced as they
are now. I think I could give you a range and it is not going to come
cheap. The problem with economics is this floating target, how much
can you get for a sulfur product? When sulfur sells for $45 a ton then
I can operate one of these control processes that will cost a net
operating cost to the power plant of perhaps 50(t a ton of coal. But
it the sulfur price does not remain at $45 a ton and drops to half that
then may operating cost is going to rise at the same time. So I think
what we have to say is that the cheapest process is probably an addative process. According to some studies done not too long ago by T.V.A.
this can be accomplished for a relatively low capital investment. I
am sorry I don't know this number but at a cost of somewhere around
65<t a ton of coal operating cost added to the equivalent of this cost.
This range then moves right on to $1.75 and in one case economics
look like $2.10 a ton of coal equivalent for operating cost.
Although the uranium people don't scare us we do have this problem
of trying to get a process operating which will not really make the cost
of coal utilization that much higher. We in the industry look at it
as how much a ton of coal it is going to cost. Capital cost can run
as high as $10 installed killowatts to something over $20 installed
killowatts. This is on a power plant where the cost of constructing the
power plant is about a $110 a killowatt so you can see that you are
talking of appreciable capital cost. The operating cost will range
anywhere from about 65(t a ton of coal to in the area of $2.00 a ton of
coal.
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ABSTRACT
AIR POLLUTION CONTROL IN THE CEMENT INDUSTRY
by
Russell E. Hailstone
Technical Director
General Portland Cement Company
Dallas, Texas
Portland cement manufacturing plants - both old and new - located
in congested and sparsely populated areas of the country have, for
many years, installed the most modern and efficient emission control
available at the time.
The process of selecting, proportioning, grinding, heating, cool
ing, and grinding again of materials sub-micron in size makes close
emission control essential.
The technical difficulties of adapting presently available emission
control devices to a complex manufacturing process and controlling
emissions within the limits of recently enacted or pending air pollu
tion control regulations are great in magnitude and cost.
Neglect of any one of a multitude of design parameters, or inade
quate, improper design of control devices can make a continuous high
level operating efficiency essentially impossible to attain.
In some instances, increased technology may permit further emis
sion control improvements - at high cost. Proper emphasis should
now be placed on the "technically feasible, economically reasonable,
practically enforceable" air pollution control regulation, and logical
priorities for achieving the same.
Only through the cooperative efforts of the control agency, the
public and industry will we be able to achieve the goals of desirable
air quality levels.
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AIR POLLUTION CONTROL IN THE CEMENT INDUSTRY
In discussing air pollution control within the cement industry, we
will touch upon the following:

A.

A.

Geographic Concentration of Manufacturing Plants

B.

Manufacturing Process and Emission Control

C.

Emission Control Costs

D.

Technical and Legislative Control Difficulties

Geographic Concentration of Manufacturing Plants

(V-1)

This slide illustrates the geographic location of producing plants.
The concentration shown in some areas is a result of many influencing
factors such as raw material availability, marketing potential, trans
portation, availability of utilities, etc.
Plants are located in the heart of major metropolitan areas as
well as sparsely populated areas.
B.

Manufacturing Process and Emission Sources

(V-2) (not included in paper)

Reduced to its simplest terms, the process for manufacturing
Portland Cement has been defined as "Select some raw materials, pro
portion them, grind, heat, cool and grind again."
Manufacturing can be by either the wet or dry process.
This is an aerial viev/ of the General Portland Cement Company wet
process plant located near Miami in Dade County, Florida. The appear
ance of a dry process plant from this view would be essentially the
same.
(V-3)
Drilling is an emission source generally occurring deep within
the plant and quarry property, thereby, virtually eliminating any
effect off plant property. Where collection is required, drill
dusting is controllable by means of a small cyclone or bag-type
arrestor.
Emulsion type spraying may be employed to reduce emissions created
as raw materials are dumped into the primary crusher. Excessive moisture

(NOTE:

V = Visual)
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S tone is firs t reduced to 5-in . size, then % in., and stored
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addition must be controlled, however.
Primary and secondary crushing and material conveyor transfer
point emissions are usually controlled by means of cyclones or low
temperature bag-type collectors.
Crushed materials, reduced to approximately 3/4" size
in various ways preceding the raw grinding phase.

are stored

The method of emission control may vary depending upon the storage
method used. Raw material characteristics oftentimes dictate storage
and handling methods.
Grinding and Blending

(V-4)

1) Dry Process - Stored, dried materials are accurately pro
portioned and conveyed to the raw mill grinding system which generally
consists of a mill in closed circuit with an air separator for product
classification. Partial drying may be accomplished in the mill circuit
by supplemental heat. Materials in transit through the system are
conveyed typically by means of screw conveyors, elevators and air slide
equipment.
Raw grinding involves the process of reducing the size of the
proportioned raw materials to approximately 85% - 90% passing through
a 200 mesh sieve. The clear opening of such a sieve is approximately
0.0029 inches.
Close emission control is therefore essential. Emission con
trol is normally accomplished by low temperature bag-type collectors sometimes in combination with scalping cyclones.
2) Wet Process - Feed materials for the wet raw grinding
circuit may involve materials stored relatively dry and, in the case
of previously processed clay, in "slip" form at perhaps 60% - 70%
moisture content.
Emissions from the transfer of dry feed components to the mill
are normally controlled by low temperature bag-type collectors.
The grinding system generally consists of a mill in closed
circuit with some type screening device for classification.
Wet process raw grinding by its general nature is not a dust
emission source.
Slurried materials leaving the circuit are generally conveyed
by pump to kiln feed blending and storage facilities.
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Clinker Burning

(V-5)

The heart of the manufacturing process is the clinker burning
operation where raw mix is changed into clinker.
The system normally consists of a rotating kiln varying in size
to as large as 25 feet in diameter by 760 feet in length. Such a kiln
may process over 7,000 tons per day or over 600,000 pounds per hour of
feed on a dry basis.
Fuel and combustion air are introduced at the discharge end of
the kiln and dust laden exit gases are withdrawn from the kiln feed end
by means of an induced draft fan.
Exit gases pass through a dust collecting device enroute to the
stack.
Electrostatic precipitators and fiberglass filters, sometimes
in combination with mechanical collectors, are normally employed.
Application of wet scrubbers is complicated by the cementit
ious properties of the kiln dust.
Cooled clinker is conveyed to storage with emissions normally
controlled by low temperature bag-type collectors.
Finish Grinding

(V-6)

The finish grind circuit is much the same as the dry raw
grind system.
Mechanical scalpers and low temperature bag-type collectors
are most frequently used, but electrostatic precipitators have been
installed on occasion.
Control of emissions from conveying finished cement to packing
and loading facilities is generally accomplished by the use of low
temperature bag-type collectors.
Plant Equipment Views

(V-7 thru V-12) (not included in paper)

This group of actual plant view slides further illustrates the
process equipment involved.
C.

Emission Control Costs

It is difficult to generalize on emission control costs because of
the limited amount of data presently available.
Accounting methods have, in many cases, incorporated emission con
trol cost as part of larger account items.
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Burning changes ra w mix chem ically into cem ent clinker

236

(V-6)
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Sufficient data have been
specific installation costs,
capacity of 2,700,000 barrels
investment of $2,500,000, or
capacity. Such an investment
total plant investment.

accumulated, however, to reflect some
for example, one plant with an annual
reports a total air pollution control
approximately $0.97 per barrel of plant
may represent approximately 10% of the

Companies have reported kiln dust collector "total installed
costs" at 400-600% of the original equipment purchase cost.
The U. S. Department of Health, Education and Welfare document
on "Control Techniques for Particulate Air Pollutants", N.A.P.C.A.
Publication #AP-51, Table 6-3 shows an "extreme high" total instal
lation cost for high voltage electrostatic precipitators at 400%
of purchase cost - somewhat less than that frequently experienced
1n the cement industry. The "extreme high" for fabric filters is
given at 400% - perhaps more in line with cement industry experi
ence .
Table 6-5 of the H.E.W. publication gives the "high" annual
maintenance costs for high voltage electrostatic precipitators at
$0.03 per actual C.F.M. For 400,000 A.C.F.M., this would amount to
$12,000 - $32,000 annual maintenance costs.
Figures 6-13 and 6-14 graphically indicate the purchase and installed costs of high voltage electrostatic precipitators.
The high efficiency curves on both graphs indicate for a
400,000 A.C.F.M. unit a $300,000 purchase cost and a $600,000
total installed cost. Applied to a cement kiln, such a unit would
likely exceed a cost of $1,000,000.
(V-15)
Another cost of kiln emission control is that of dust return.
Figure 6-26 of the H.E.W. Publication projects, for a hypothetical
example, an economic break-even point of approximately 97% col
lection efficiency. In the case of cement kilns, the break-even
point may require substantial or total discard of collected dust
or water-leaching treatment which may create a secondary problem of
water pollution control.
The Cement Environmental Matters Technical Subcommittee of the
American Mining Congress has, for some time, been cooperating with
the Economic Effects Research Division of N.A.P.C.A. in the develop
ment of a questionnaire intended to develop data from which expendi
tures incurred in reducing air pollutant emissions can be more
accurately determined.
The completion of this study will provide more information of
interest to all concerned with control of emissions from cement plant
operati ons.
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A — HIGH-TEMPERATURE SYNTHETICS, WOVEN AND
FELT. CONTINUOUS AUTOMATIC CLEANING.
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Figure 6*19. Purchase cost of fabric filters.

Figure 6-20. Installed cost of fabric filters.
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(V-15)

Fiourc 6-26.Theoretical effect of dust value on control cost.
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D.

Technical and Legislative Control Difficulties

1) Technica1 - The problem of cement kiln exit gas dust
emission control has been described as consisting of two phases. The
first phase is the removal of particulates from the gas stream by foreing their accumulation on the collecting media.
In many cases, the collecting "first phase" is more easily
accomplished than the second phase - getting the collected dust out
of the emission control device.
Technical problems are further complicated by a third phase
- dust disposal.
Long-established parameters essential to the proper design
and application of precipitators and fabric filters are too numerous
for discussion at this time.
Let us take a moment, however, to Ipok at the problem of
particulate resistivity which has become of increasing importance as
we are faced with higher and higher operating efficiencies.
Resistivity - a measure of the difficulty with which a part
icle will take on electrical charge - is determined by the type part
icle involved and temperature and humidity of the exit gas stream.
Resistivity peaks often occur close to actual inlet gas
temperatures of emission control devices.
Elevating gas temperatures to lower resistivity would in
crease fuel costs, gas volumes and precipitator sizes. Lowering gas
temperature by infiltrating air tends to lower resistivity, but at
the expense of increased gas volumes and precipitator size.
Resistivity reduction is generally accomplished by increas
ing the percent moisture in the exit gas stream through the use of
high pressure atomizing water sprays. This has the multiple advan
tage of lowering gas temperature and volume, increasing gas moisture
content, and lowering resistivity.
Any of the above methods involve substantial expense.
Neglect of any of a multitude of such design parameters, or
inadequate, improper design can make a continuous high level oper
ating efficiency essentially impossible to attain.
2) Legislative - Hastily conceived, illogical emission
control regulations which are not "technically feasible, economically
reasonable" or properly enforceable are equally perplexing when re
lated to the technical problems previously mentioned.
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Throughout the nation, there is an almost universal tendency
to adopt the equivalent of the San Francisco Bay Area Process Weight
Code and the Equivalent Opacity concept.
The differences in industrial processes leave the universal
application of the process weight table and the equivalent opacity
concept open to serious question.
The original process weight regulation concept was developed
for application in March, 1949, to the metallurgical industries of
Los Angeles County, California. The development is described in the
November, 1949, issue of Industrial and Engineering Chemistry article
on "Dust and Fume Standards".
The article describes how, for metallurgical industries,
furnace process weight and stack losses were plotted graphically.
The average collecting efficiency required of small industrial
units v/as approximately 80%; of large industrial plants, approximately
90%. Only the largest process unit having a 3% loss would be required
to collect 98% of its stack discharge.
The maximum permissible emission of 40 pounds per hour was
established at 60,000 pounds per hour of process weight under the
Los Angeles code
which was over three times the process weight of
the largest industry involved.
The San Francisco Bay Area Process Weight Code is only slightly
more lenient than the Los Angeles code.
It appears somewhat questionable to lift a rule that has been
developed for one specific application and project it into an area with
altogether different conditions.
For example, the 3% loss and 98% collecting efficiency applied
to the "largest" metallurgical unit as described in the "Dust and Fume
Standards" for Los Angeles County compares to approximately 18% loss and
99.8-99.9% collecting efficiency for pyro-processing industries such as
cement manufacturing.
Careful consideration given to the development of the original
Los Angeles process weight regulation logically must be given to the
collection of process data for totally unrelated chemical and pyroprocessing industries.
The selection of dust collecting equipment for pyro-processing
industry is not a simple matter of asking the equipment manufacturer
to select and erect the newest 1969 model and expecting it to operate
sati sfactorily.

244

Survey data has been compiled to show existing conditions for
various cement plants operating throughout the United States. Data has
been obtained from (1) H.E.W., U.S.P.H.S. Publication #999-AP-17,
"Atmospheric Emissions From The Manufacture Of Portland Cement", and
(2) members of the Technical Subcommittee, Cement Environmental Matters,
American Mining Congress.
Average operating experience conservatively indicates approxi
mately 10% of the total weight of the materials introduced in the cement
manufacturing process at the feed end of the rotary cement kiln leaves
the kiln and becomes gas-borne.
To appreciate the magnitude of this problem and emission control
efficiencies requied, let us consider the previously mentioned survey
data from 50 reports.
(V-17)
If we plot the average emission rate of 200 pounds per hour
versus 115,000 pounds per hour process weight, we establish a point of
reference.
We may then develop an equation for defining a relationship
between emission and process weight. The equation developed is
E = 26.5 pO-5 and the values for emission are based on a related amount
of process weight.
If we consider the average condition of 3,870 barrels per day
of clinker production with an estimated process weight of 115,000
pounds per hour and an emission rate of 200 pounds per hour, a col
lecting efficiency of 98.2% is indicated.
To comply with the Bay Area Code emission limitation of about
45 pounds per hour, the required efficiency would be 99.6%. The Los
Angeles Code limitation of 400 pounds per hour would require an ef
ficiency of 99.65%.
This means it would be necessary to modify the average exist
ing collector to further reduce its exit gas dust loading by 80%. In
some instances, this might be achieved by complete rehabilitation, but
complete replacement would more often be required. In some instances,
complete replacement by the higher efficiency, larger collector may be
physically impossible.
The Clean Air Act of 1967 recognizes the needs for establishing
cost-benefit relationships as well as the need for ambient air quality
control by means which are "technically feasible and economically
reasonable".
It is obvious from this slide that consideration of these
factors is particularly important when considering the efficiencies
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required to achieve compliance under any of the control curves re
presented.
For example, the required efficiency for compliance under curve
K = 16 or E = 16.0 PO-5 ranges from approximately 98.5% at 50,000 pounds
per hour to 99.4% at 400,000 pounds per hour, for the average 10% loss
of kiln product. At 15% dust loss, 99.7% efficiency is required at
400,000 pounds per hour. These data are typical for many existing kiln
operating conditions.
Compliance under the Bay Area Code for the same process weight
range would be from about 99.3% - 99.9%.
When considering the "Technically feasible, economically
reasonable", cost-benefits aspects of pollution control legislation,
the logic of the universal application of a specific process weight
regulation is questionable.
For example, five small kilns each operating at a process
weight of 30 tons per hour would be permitted a total emission of 200
pounds per hour, while one kiln operating at 150 tons per hour would be
permitted an emission of only 53 pounds per hour - 1/4 the emission for
the same process weight.
It is not "technically feasible, economically reasonable" nor
does it seem logical to force industry into the position of installing
a multiple number of small units rather than one large unit simply as
a means of regulation compliance with no increased air pollution control
benefits.
(V-18)

(not included in paper)

The Ringelmann Chart used to regulate particulate emission or
for Equivalent Opacity control of visibility is also an enforcement
tool subject to question when related to cement kiln stack measurements.
The wet or dry process kiln stack plume are conditions far
removed from the originally intended use of the Ringelmann Chart - black
smoke.
This slide shows the appearance of a wet process stack plume
with the sun at the back of the observer - as prescribed for Ringelmann
Chart use. The plume was recorded to be a Ringelmann 0.25.
(V-19)

(not included in paper)

This slide shows the same plume viewed by the observer as he
faced the sun. In this instance, the plume was recorded as a Ringelmann 4
Obviously, the position of the observer with respect to sun
location is critical.
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Conclusion
Long before air pollution control regulations were a factor, the
cement industry in general recognized its responsibility for air pol
lution emission control.
Dust collection equipment representing the latest in control tech
nology available at the time has been installed at substantial cost.
Technology has improved to the extent that, in some instances,
emission control improvements can and should be made within our in
dustry.
The cost of improved emission control will be substantial. The
investment required by multi-plant companies with plants located in
many different states will be tremendous; and remember there will be
no financial return resulting from this investment.
The job will be done - the money will be spent, but proper emphasis
should now be placed on the "technically feasible, economically rea
sonable, practically enforceable" air pollution control regulation and
the logical priorities for achieving the same.
Obviously, the need for improved air quality will not dictate
identical needs or priorities for every geographical location in this
country.
The cement industry has offered its technical assistance to those
engaged in the important task of developing logical air pollution con
trol regulations.
Only through the cooperative efforts of the control agency, the
public and industry will we be able to achieve the goals of desirable
air quality levels.
In his preface to the recently issued H.E.W. publications on "Con
trol Techniques for Sulphur Oxide and Particulate Air Pollutants",
Dr. John T. Middleton stated: "The control of air pollutant emissions
is a complex problem because of the variety of sources and source
characteristics. Technical factors frequently make necessary the use
of different control procedures for different types of sources. Many
techniques are still in the developmental stage, and prudent control
strategy may call for the use of interim methods until these techni
ques are perfected. Thus, we can expect that we will continue to
improve, refine, and periodically revise the control technique inform
ation so that it will continue to reflect the most up-to-date know
ledge available."
All those concerned with air quality control would do well to
seriously consider the implication of Dr. Middleton's words and use
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caution in the universal application of pollution control concepts
logically employed in some instances, but illogically applicable in
other instances.
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COMMENTS
QUESTION: One thing that occurred to me is that obviously the Rengleman chart was not intended for use of checking cement plants. Have
you some recommendations as to what you think would be a preferable
means of checking cement plants for enforcement against air polluti on?
ANSWER (Mr. Hailstone): I personally orefer a process concept for
the simplicity involved but the important aspect then becomes the num
bers that you use, or the equation that you use for developing the
curve of the data, or the table for allowable admissions. The use of
the Rengleman chart concept is beased on visibility control of the
mission which is becoming an increasingly imporatnt factor, I don't
have as firm a conviction as to what the substitute measures should
be.
QUESTION: How do the Texas regulations affect the cement industry?
ANSWER: Texas regulation based on an ambulant air level quality is a
consideration or concept which as somebody said earlier this morning,
we v/ould like to think is a more logical approach to control. Now as
I understand it, the Texas existant regulations are based upon what
are called Sutton's equation. There are a couple of different
ways to check and see whether they are within compliance of existing
Texas regulations. One is to take up-wind and down-wind measurements
of particulates and micrograms per cubic meter at ground level. The
other is to measure you back discharge and see according to the
sub equation that you would not exceed a certain level in micrograms
That is essentially what the
per cubic meter at the point of concern
Texas regulation consists of today.
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STATUS OF THE DEEP TUNNEL PROJECT
OF GREATER CHICAGO

by
W. J. Bauer
Bauer Engineering, Inc.
Chicago, Illinois
Banquet Speaker - Thursday Evening - April 17
Construction Work
Although no comprehensive plan for a tunnel system has as yet been
adopted for the Chicago metropolitan area, three tunnels are currently
under construction in the hard rock under the city. (See Fig. 1) One
of these is (a) the Lawrence Avenue project of the City of Chicago;
the other two are projects of the Metropolitan Sanitary District of
Greater Chicago, (b) one along 47th Street in the vicinity of LaGrange
and Brookfield, and (c) the other along Crawford Avenue north of the
Cal-Sag channel. All of them are being constructed by "moles".
Lawrence Avenue tunnel will also involve the use of drilling and blast
ing in some portions. This proj;ect has a completed length of about
7000 feet of mole-driven tunnel with a diameter of 13'8". The total
infiltration into this tunnel in its present unlined and ungrouted
condition is about 125 gallons per minute. The walls of the unlined
tunnel were observed by the writer to have a roughness comparable to
that of a large concrete pipe or concrete-lined tunnel. Very few rock
falls occurred in the unlined mole-driven tunnel, and no rock bolts
were required in this portion to hold up the rock in the roof.
The other two tunnels are not far enough along at the present to
comment on the progress to date.
Unit costs based on contract amounts for construction of these
tunnels including the cost of shafts for access and ventilation are
compared in the following table:
TABLE I
COMPARISON OF TUNNEL COSTS
Tunnel

Diameter
Lined
Unlined

Unit cost in $/ft/ft. dia
Unlined
Lined

Lawrence Avenue

12'

13'-8"

$30.00

$17.50

47th Street

15'

16'-8"

25.00

--

Crawford Avenue

15'

16'-8"

25.00

17.20
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Figure 1

Port C
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The cost in dollars per foot of length per foot of diameter for
the lined tunnels is believed to be equal to or less than the cost of
near-surface sewers of equal hydraulic capacity. It is therefore evident
that the cost without lining is substantially less than would be re
quired with conventional sewers. The lining is not required for the
purpose of preventing pollution of the aquifer. It is also not re
quired for structural or hydraulic purposes. Therefore it is likely,
in the opinion of this writer, that the concrete lining will be
omitted, and the corresponding cost saving achieved.
Furthermore, not included in the foregoing cost comparison with
conventional near-surface construction are the economic losses pro
duced by the interruption of the use of the street during the period
of construction of a near-surface sewer. Such interruptions are nearly
eliminated with the choice of the hard rock tunnel.
Because of the inherent capital cost savings and the avoidance of
interruption of facilities which can be achieved by using them, moledriven tunnels in rock are likely to be the choice for future large
sewers in built-up portions of the Chicago area. This is true even
if low-level outlets are not provided for such tunnels. Still further
capital cost and operating cost savings could be achieved if these
tunnels were designed as parts of a deep tunnel plan such as that proproposed by Harza-Bauer for the Chicago area. Therefore, it is reason
able to assume that an integrated and comprehensive plan will be develop
ed by the agencies which have jurisdiction.
Recent Studies
Effect Upon Sewage Treatment Plant Capacity
Recent studies have shown that storage of wastewater (both dryweather and storm flow) can be used to achieve a higher load factor
on the treatment plants. In the Chicago area the dry-weather flow
is about 0.01 cfs per acre or about 88 inches per year. The storm
runoff is about 12 inches per year. Thus a treatment plant operated
at (88 + 12)/88=1.14 times dry-weather flow and 100% load factor
would treat the sum of dry-weather and storm flow. This would of
course require an unlimited volume of storage. Conventional practice
would use only the storage inherent in the collection and treatment
system, and would provide, say, 2.0 times dry-weather flow in treat
ment capacity.
Studies of 16 years of record of hourly rainfall in the Chicago
area have indicated the relationship between storage volume treatment
capacity, and the number and volume of runoff events not captured and
treated. See Figure 2 attached. Discussion of the nature of this
storage, and of the associated problems of solide handling and preven
tion of septic conditions are beyond the scope of this paper. It is
very clear, however, that storage can be obtained for less cost than
treatment plant capacity over the range of capacities studied which
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Figure 2
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ranged from
labeled 375
dry-weather
Figs. 1 and

2.0 down to 1.25 times dry-weather flow. (The curves
MOD Excess Capacity in Figs. 1 and 2 are for 1.25 times
flow. The curves labeled 1500 MOD Excess Capacity in
2 are for 2.00 times dry-weather flow.)

Water Reclamation,
___
___
The use of storage and the associated high load
factor on tFe
the treatment plants results in a water reclamation benefit
as compared to treatment of the same volume of water at higher rates
for shorter periods of time. The reason lies in the manner in which
water may be withdrawn from Lake Michigan. Not only is the total
volume of such withdrawal limited by Supreme Court Decree, but mini
mum flow rates must be maintained for purposes of dilution of effluent
and for navigation, If captured storm water is treated at high rates
and released over a short period to time, much of it would be of no
use for purposes of dilution and navigation, as the rate.would be
excessive
However, if the same total volume can be treated and released at rates equal to or less than the requirements for dilution
and navigation, it can be used to replace the corresponding discharge
which would otherwise be withdrawn for Lake Michigan. At the present
time about 500 cfs of the 3200 cfs allocation to Illinois is not
available for withdrawal from Lake Michigan because this much must
be allowed for the storm runoff from watersheds formerly tributary
to Lake Michigan. Capture and storage of this water would make part
or all of this 500 cfs available for water supply.
Comprehensive Planning. The Northeastern Illinois Planning Commission
(which operates in 6 counties having a population of about 6.5 million
and an area of 3700 square miles) is currently developing a comprehen
sive plan for wastewater, stormwater, water supply, and solid waste
disposal. In connection with this work, tunnel systems and alternatives
to them are being considered from the point of view of how they will
fit into the overall comprehensive plan. The following table indicates
one perspective in which this consideration is being made:
TABLE II
COMPARISON OF COMBINED-SEWER AREA
WITH REMAINDER OF 6-COUNTY AREA

Combined
Sewer Area
Approximate area in square miles
Approximate population (1960)
Source of water supply

300
4 million
Principally
Lake Michigan

Remainder of
6-County
Area
3400
2.5 million
Principally
Groundwater
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Cost estimates made in connection with comprehensive planning for
the 300-square mile area indicate that the total cost for new treatment
plants and new sewers without the tunnel system would be about equal
to the cost of the alternative treatment plants and sewers with the
tunnel system.. In other words, the savings in capital cost of new
treatment plants and new sewers which would accrue from the construc
tion of the tunnel system would be about equal to the cost of the
tunnel system. Of course, the system with the tunnels would capture
and treat nearly all of the overflows from the combined sewers, where
as the alternative conventional system of approximately the same cost
would not.
The foregoing comparison of costs of alternative systems is
predicated upon the planning for tertiary and advanced treatment of
waste water, including nutrient removal, filtration, and chlorination.
If such treatment processes are to be constructed, it becomes increas
ingly important to secure the high load factor on the plant which the
storage provided by the tunnel system makes possible.
Future Engineering Studies
Vertical Shafts. There would be several hundred vertical shafts re
quired for the complete tunnel system, ranging in hydraulic capacity
from perhaps 40 cubic feet per second to as much as 1500 cubic feet
per second. Tests may be underway in the near future to test a 12"
shaft under a vertical drop of 170 to 300 feet to determine the require
ments for operation with subatmospheric pressures so as to minimize
the volume of air which is entrained in the water. Current designs
for vertical shafts provide for a larger discharge rate for air than
for water. If the air can be largely excluded, the cost can be sub
stantially reduced and well-dri11ing techniques used in the construc
tion of the shafts which will minimize disturbance to surrounding
facilities during construction.
Such shaft tests will also be used to evaluate the problems of
trash, energy dissipation, and the possible change in settleable
solids which may result from the passage of sewage through such a
large drop. As shown in Figure 3, shaft heights will depend upon
the depth of the tunnel; the piezometric head differential of the
flow through the shaft will depend upon the location of the shaft
along the route of the tunnel.
Savings in Costs of Municipal Drainage. Although there have been
made rough estimates, probably conservative, of the savings in costs
of municipal drainage which would arise from the provision of the lowlevel outlet by the tunnel system, a series of studies of individual
proposed drainage projects would be necessary to evaluate the savings
on a municipality-by-municipality basis. In some instances, a pro
posed municipal drain would be completely eliminated by a tunnel
following the same route. Figure 4 illustrates the reason for the
savings in other instances.

256

Figure 3
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I. Conveyonce along main drainage
routes.
2. Interception of over flow points
along rivers and channels.
3. Possible storage en route to reduce
conveyonce costs.
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Possible surface reservoirs on local level for temporary
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The conveyance tunnel provides the outlet for the new local tunnel
at a low elevation, affording much increased piezometric gradient
for the new local tunnel, resulting in a smaller diameter. This sav
ing would be added to the saving inherent in the use of the unlined
mole-driven tunnel in the first place. By way of illustration, using
$25 per foot per foot diameter for the alternative sewer and $17.50
for the unlined mole-driven tunnel, and assuming a ratio of piezometric
gradients of 3:1, the diameter ratio would be 1.25:1, which would
correspond to an 8' diameter instead of a 10', for example. The cost
of the conventional 10' sewer would be 10 x $25 = $250 per foot. The
cost of the 8' mole-driven unlined tunnel would be 8 x $17.50 = $140
per foot. The savings would be $90 per foot or 36%. This would not
be an unusual case.
Treatment Effect of Power Operation. Further studies are needed to
evaluate the effect of the power generating operations on the quality
of the water involved. No credit was taken for this effect in the
evaluations of the tunnel concept so far, but it is recognized that
several important inherent treatment effects may be present.
Figure 5 illustrates the components of the system involved in an
evaluation of the inherent treatment aspects. First of all, a large
volume of power water is kept in the system at all times for purposes
of power generation. This volume of water is alternately dropped
through the turbines for the generation of power during periods of
peak demand, and then pumped back up to the upper reservoir during
periods of slack demand. It is exposed to the atmosphere in the upper
reservoir, and may be conveniently aerated if desired in both the
generating and pumping phases. Assuming that 1 mg/1 of oxygen were
to be added during each pass through the pump-turbines and that the
contemplated 7,000 million gallons of water are utilized each day in
the power cycle, it would be possible to add about 100,000 pounds of
oxygen per day to the water involved. This represents about 6% of the
total present capacity of the Metropolitan Sanitary District. In
addition, oxygen could be added by mechanical aeration in the upper
reservoir. This possibility could have an effect on the design of
the integrated treatment system which would include the tunnel system
and the present system of near-surface sewers and treatment plants.
The volume of power water kept in the system is eaual to about
4 days of dry-weather flow of the entire system of the Metropolitan
Sanitary District. Emergency bypasses could be handled relatively
easily by simply passing them to the tunnel system, diluting them with
the power water, and then returning them for treatment when the plant
is ready to handle them. The value of this aspect of the tunnel
system should also be evaluated by further study.
Satellite Storage. The possibility of using satellite storage along
the route of the tunnel should be investigated. The value of such
storage may be explained with the aid of Figure 6. With such storage
the piezometric gradients applied to the tunnels may be made much
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steeper, thus providing more conveyance capacity during the peak of
the storm. Later, after the peak of the runoff rate has been passed,
the entire system would drain out to the lower end for longer-term
storage and subsequent treatment.
Summary
The current status of the deep-tunnel project for the Chicago
metropolitan area may be summarized as follows:
1. Three tunnels in hard rock are under construction.
Contract prices are less than conventional sewers of comparable
hydraulic capacity, even without a low-level outlet for any of these
tunnels. If a low-level outlet could be provided by an integrated
system of tunnels and underground storage, the cost would be much
lower still.
2. The provision of storage in the tunnel system makes possible
a much higher load factor on treatment facilities. This has very
important effects on the capacity of future additions to treatment
facilities, a reduction in capacity of over 1000 MGD being possible
by the use of storage.
3. The use of storage and the associated lower rate of
treatment results in additional water supply being made available
for withdrawal from Lake Michigan.
4. Studies made by the writer in connection with comprehen
sive planning for the Northeastern Illinois area indicate that the
total cost of waste-water handling without the tunnel system would be
about the same as that of an integrated system in which no present
conventional systems would be integrated into a tunnel system. The
integrated system would provide much greater benefits.
5. Some of the future studies which should be made are those
for the economical design of vertical shafts, for the design of future
municipal drains to be connected to the tunnel system, for the evalua
tion of the inherent treatment capacity of the power-generation system,
and for the benefit of satellite or auxiliary storage along the tunnel
routes.
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Friday, April 18
Dr. Scott: Your Chairman for the Session entitled, "The Mineral Industry
and the General Public" is Mr. J. Allen Overton, Jr., Executive Vice
President, American Mining Congress, Washington D.C.

THE MINERAL INDUSTRY AND THE GENERAL PUBLIC
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THE MINERAL INDUSTRY AND THE GENERAL PUBLIC
by
J . Allen Overton, Jr.
Executive Vice President
American Mining Congress
Washington, D. C.
The sessions thus far at this impressive conference have covered
with marked effectiveness the environmental aspects of mining and the
mineral industry as they relate to land, water, and air, and to matters
of safety.
From what has been said thus far, all of us have been given much
to think about as we ponder the quality of the environment in which
we live, the quality of the environment in which we work, and the
quality of the environment we leave to succeeding generations.
But for mining there is more to the total environmental picture
than land, air, and water quality, More too than safety. Perhaps
the most significant element of all in this is what I would call the
environment of government policy.
Why do I say this? I say it because of the extent to which our
whole national existence literally depends on a healthy, growing min
erals industry.
The minerals industry, more than any other, underpins our entire
economy. From this industry comes all of our raw materials and fuel,
the foundation stones of every other industry which exists today to
support not only the defenses of the free world, but also the very
standard of living we in America have come so much to enjoy, and in
deed to take so much for granted.
This Nation has been v/ell blessed by a Gracious Providence in the
quantity and diversity of our minerals, our coal, our petroleum, and
the rest. Yet, our resources are not without limit— and our capacity
to produce them can easily be jeopardized. This very week, in test
imony before the House Committee on Interior and Insular Affairs, the
Assistant Secretary of Interior for Mineral Resources--The Honorable
Hollis M. Dole--had this to say. While we are not running out of
mineral resources, "there is every indication that we are short-chang
ing the science and mineral technology needed for their discovery and
profitable production and processing at a time of widening world competi
tion and increasing demand."
We cannot afford to "short-change" (if I may borrow an expression
from Secretary Dole) any part of our total responsibility as a Nation
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for the development of a healthy growing minerals industry. This in
dustry must grow and flourish in such a manner that it truly continues
to serve the whole National interest. And that goes beyond the business
of locating, extracting and processing our mineral resources. It in
cludes a responsible concern for the quality of our environment. It
includes a realistic look at the competitive posture of this industry
vis-a-vis the rest of the world. It includes a dispassionate look at
our military defense needs and their dependence on a strong domestic
minerals industry. It includes that added and essential environmental
quality I referred to earlier— a Governmental Policy Environment which
assures a delicate balancing of many interests--al1 in the National
interest.
Many and varied concerns command the attention of many people,
many groups, as they view the mining industry's role in 20th Century
America. But no one of these concerns can be viewed in a vacuum. No
one can be permitted to run at its ov;n speed on a track which is parallel
to the others, and oblivious to the others.
We need, as I said a moment ago, a delicate balancing of many
interests--al1 in the National interest.
In short, we need a comprehensive National minerals policy.
Efforts to develop a National minerals policy date back to the
Paley Commission in 1952 and to 1954 when President Eisenhower estab
lished the Cabinet Committee on Minerals Policy. Legislation seeking
to develop a National minerals policy has been introduced in the 91st
Congress by Senator Gordon Allott of Colorado. We in the mining in
dustry hope for early hearings on this bill. Action in this respect
is long overdue.
Perhaps now our speakers can give us some insight into how each
of them views the minerals industry and its relationship to the general
public within the context of the theme of this conference.
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GOVERNMENTAL VIEWPOINT
by
John F. O'Leary
Di rector
Bureau of Mines
Washington, D. C.
Half a century ago a writer named E. M. Forster described a society
that had become totally dependent on a machine. The members of that
society lived alone in underground apartments, rarely experiencing
direct contact with each other or with the world above. All of their
needs and wants...food, drink, entertainment, communication...were
supplied, at the touch of a button, by the machine. Their literature
consisted of a single book which extolled the virtues of the machine
but unfortunately omitted essential details concerning its maintenance.
At the end of Forster's story, after giving numerous signs of slow
deterioration, the machine stops. His imagined society is unable even
to conceive of such a circumstance and therefore totally unprepared to
meet it. As a result that society abruptly perishes. All that remains
is the raw, real splendor of the Earth, uninhabited and unappreciated.
I think we have some things in common with the people in Forster's
story. Like them, we have come to take for granted the perpetual capac
ity of a machine...our technology... to supply our material requirements
Like them also, we have for a long time blithely ignored the imper
fections, the failures, of our technology. We have been content with
what our machine v/as doing for us, happily oblivious to what it was
doing to us.
Only in the past few years have we begun to evidence any real dis
satisfaction with the performance of our technology. Having discover
ed some of its flaws, however, we are, as a people, still some distance
from a genuine appreciation of its virtues.
This is especially true with regard to those areas of technology
that enable us to extract, process, and utilize the minerals and fuels
on which our civilization has been built.
We have taken, and still take, for granted the material benefits
that our mineral industries supply. Technology provides, and we fully
expect that it will continue to provide, regardless of whether we under
stand the nature and complexity of the processes through which its
benefits are bestowed. And if our technology, like Forster's machine,
fails us at times we become almost schizoid in our attitudes. We
seldom remember the good things it has done for us; we see only its
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faults. We don't even recognize it as the same "machine" that has
served us so well for so long.
Possibly in no other part of the world is this ability to dissociate
so advanced. Most of us in the United States take it on faith that we
will always have an automobile to drive and fuel to run it
i t on, comfortable homes to live in, radios and television sets to entertain us.
But few of us relate the comforts and products that fill our world to
the raw materials from which they were manufactured. We think of our
automobiles, radios, and TV sets as coming from factories, not from
mines. Gasoline, in the minds of most of us, comes from a fillingstation pump, not from oil wells and refineries. The electricity on
which we depend for light and heat we associate with a power plant,
not with coal, or oil, or natural gas.
I think it is one of the supreme ironies of our times that the
mineral industries from which so much of our affluence derives have
now become the targets of a disenchantment that could flourish only
in an affluent society.
Think about it for a moment. Less than 50 years ago, when this
country was doing its best to grow up into a world power, we had little
time to reckon the environmental costs of our progress. Many of the
signs of pollution that we now deplore were then symbols of progress.
A city shrouded in smoke was a city on the move. Air pollution was
a hallmark of a dynamic, bustling industry. It meant economic expan
sion, work to be done, paying jobs to be had. The huge shovels that
peeled off layers of good, green earth to get at seams of coal or
metal deposits gave us assurance that the mineral wealth of our land
was inexhaustible and our abilities to recover and use that wealth for
progress were unlimited.
Work was the legacy left by our puritan forefathers, and work we
did...with a will. We were far too busy to look for pleasant vistas.
For most of us there was little time to hunt, or fish, or tour the
countryside.
Then, suddenly, we found that we had made it. By any material
standard the world knows, we had been eminently successful. Most
of our people could count themselves rich. We had arrived.
And, almost overnight it seems, the puritan ethic vanished. We
discovered that work was to be valued not just for itself, but also
for the leisure and the enjoyments that it would buy. We began to
look to Nature for recreation. Golf, once the rich man's sport, be
came a national pastime. Boating, hunting, fishing, skiing, suddenly
caught the fancy of millions; and it became rapidly apparent that
there were many more millions than anyone had dreamed.
Because most of us were now crowded into cities, we found a special
allure in the out-of-doors, and we took to it as never before in our
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history.

And what did we find?

We found nearly six million acres of our land scarred by surface
or underground mining or smothered in the wastes from mining and
mineral processing operations.
We found some 18,000 miles of streams and millions of acre-feet
of lake water polluted by activities of the mineral industries.
We found, by the hundreds, piles of cial mine refuse, many of
them burning and polluting the air with noxious fumes and gases.
We found, and still find in occasion, beaches soiled with oil
spilled from ocean-going tankers, or from ruptured off-shore wells.
We found all of these things, and more, and we began to react.
Operators of mines, and mills, and smelters; managers of steel
and chemical plants, and oil refineries; owners of electric utilities;
all of these increasingly found themselves the targets of public com
plaints. Pressures for reform, moderate enough in the beginning,
mounted rapidly. American industry soon found itself confronted with
a whole new series of commandments:
Thou Shalt not tear up the land.
Thou shalt not contaminate the water.
Thou shalt not pollute the air.
Industry, in its turn, reacted; first in shock, then in indignation.
Convinced of the intrinsic worth of its activities to an expanding
economy, it was unable to comprehend the failure of the public to appre
ciate that worth. Where, industry reasoned, would this county be today
if it were not for the volume and variety of raw materials that its
operations supplied? More pertinent still, where would this country find
itself tomorrow if the flow of those essential materials were restricted,
especially at a time when requirements for them are rapidly escalating?
From industry's point of view the growing public resistance to its
activities must surely seem unreasonable. For one thing, public anti
pathy is apparently non-selective. Companies that were foresighted
enough to take environmental quality into account in their operations
... and there have been more than a few ... rarely have been singled
out for commendation. The public demand for restrictive action has
been all-encompassing.
On a national scale, the Congress and the Executive Branch have
responded to this public demand. In the past few years we've witnessed
the enactment of considerable legislation aimed at preserving or re
storing environmental quality. There was the Wilderness Act in 1964;
the Clean Air Act, including .its provisions for solid waste disposal,
and the Water Quality Act in 1965; the Clean Water Restoration Act
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in 1966; and the Air Quality Act in 1967. State legislatures also have
been responsive. For example, in the past 10 years the number of States
with some kind of laws regulating certain surface mining operations has
more than doubled, increasing from 6 in 1959 to 14 at present.
Right now, there are pending before the Congress at least a score of
bills designed to protect or improve the quality of our environment in
some respect. And, as you doubtless know, President Nixon just recently
has established within his cabinet a group with specific responsibility
for advising him on environmental problems.
In much of the legislation enacted or proposed to date, the emphasis
has been on regulation. And we know from experience that regulation
almost invariably entails additional costs . . . costs that in whole or
in part seem inevitably to find their way to the consumer.
To the extent that the quality of our environment has been damaged
by mineral industry operations of the past, the cost of building
America's industrial power has been deferred for a later generation-our generation--to pay. Secretary of the Interior Walter Hickel re
cently put it this way: "We cannot turn back the clock. Technology is
here to stay. The problem is that we have carelessly assumed that nat
ure can absorb unlimited punishment. Now we are paying the bill."
That bill doubtless can be paid. At the same time we must keep the
bill from growing larger. We cannot allow succeeding generations to be
saddled with an overwhelming debt of environmental degradation. Meeting
this larger challenge will require far better communication between the
mineral industry and the public than there has been up to now. Each
must more fully understand the other, and the burden of achieving such
understanding can be expected to fall mostly on the industry, with
government assisting insofar as it is able.
If the industry is to communicate more effectively with the public,
it must not only recognize but must truly appreciate the change that
the public has undergone.
It must recognize, for example, that the affluence for which it is
in no small measure responsible has combined with other forces to give
the public new values. As the United States has grown richer it has
also grown younger. Today, approximately 30 percent of our families
have incomes of better than $10,000 annually, and nearly 53 percent of
our population is under thirty. The idealism that characterizes youth
has become a potent force in our society. For many young Americans,
the assurance of material wealth has stimulated an increasing interest
in non-material values. The concern of our society today seems to be
more with the quality of man's existence than with the material base
on which it rests. There is evidence to indicate that, given a choice,
people may often be willing to pay the substantially higher costs en
tailed in transporting mineral raw materials over long distances rather
than tolerate the environmental disturbance that may attend a mining or
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processing operation closer to home. Clearly, we are ready to pay
extra for air pollution-control devices on automobiles. We do.
Reinforcing such attitudes is the size of our population, which is
an estimated 34 percent larger than it was 20 years ago and still grow
ing relatively fast. Because there are millions more of us, there is
less space per person. Add to this the fact that the bulk of our
population is concentrated in large urban areas, and you begin to appre
ciate what the sight of an uncluttered, unmarred landscape or a crystal
clear stream can mean. Most of those who can afford to, live in the
suburbs and as a result our suburbs have in many instances filled much
of the space that used to lie between cities. Mines, quarries, and
similar operations that once were remote from large centers of popula
tion now find the cities rushing out to meet them, and rarely if ever
with open arms.
What this all adds up to is that the public, insofar as the mineral
industries are concerned, is largely uninformed and frequently hostile.
The enviroFihiental damage associated with the extraction, processing,
and use of minerals and fuels is there for millions of Americans to see.
The benefits derived from these activities lie largely unrecognized
and unappreciated in a multitude of products and services that are rare
ly associated with the industrial operations that supplied them.
Even the reparations that have been made, often as a matter of long
standing policy by public-minded mineral companies, go for the most
part unapplauded. The average citizen is, I believe, unimpressed with
the fact that more surface mined land has been reclaimed in the past
decade than since the practice of surface mining began in this country.
He rarely recognizes reclaimed land, especially if the reclamation has
been carried out properly. He sees only the stripped and scarred areas
that have been left derelict.
Tell the public that members of the National Sand and Gravel Assoc
iation rehabilitated 52 percent of the acreage they mined in 1965, more
than tv/ice the amount they restored two years earlier, and the chances
are that you will be questioned about what happened to the remaining
48 percent. Or announce that phosphate mining firms in Florida vol
untarily restored 75 percent of the acreage they mined between 1961 and
1966, and the reply is likely to be: "It's about time they started
cleaning up the mess they make."
Shakespeare's Marc Antony might well have been telling it like it
is today when he said: "The evil that men do lives after them; the good
is oft interred with their bones." The damage associated with the
extraction, processing, and use of minerals and fuels is substantial
enough and widespread enough to be readily visible to today's highly
mobile society. But how many Americans do you imagine have the slight
est conception of the number of different mineral raw materials utilized
in the construction of their homes, their automobiles, or their house
hold appliances...let alone the number and complexity of the operations
that were necessary to make those raw materials available?
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That, as I see it, is the situation.
about it.

The problem is what to do

Clearly, the mineral industries want to do something about it, and
that, of course, is essential to any productive effort. Conferences like
this one are helpful. They provide forums for candid discussion and the
exchange of constructive views. But, to be really effective, these dis
cussions and views must reach a much larger audience than the one as
sembled here. And it must never be forgotten that that audience is
largely uninformed and, let's face it, largely uninterested. There is
still a certain romance in mining, but there is little glamor in a ton
of ore, or coal, or sand and gravel. On the other hand pollution, with
its implications of life and health, has become a subject of dramatic
interest for millions.
Until now, our mineral industries have optimized on the cost of
their operations. As a result, the public has had the benefit of a
large volume and variety of raw materials, supplied over a long period
of time, at relatively stable prices. I suggest that the time has come
... in fact it has been here for quite a while ... when industry must
seek a better balance between the cost and the quality of its operations.
Accomplishing this, in the face of rising prices, declining grades
of ore, and the various legal•restrictions with which the industries
increasingly will be confronted, is no small challenge. There are,
however, some things that the leaders of these industries can do to
help achieve such a goal.
First, they can and must accept the fact that concern for the quality
of the American environment, like technology, is here to stay.
Second, they must remember that technology is a dynamic and a pliant
thing. The potential of technology is vertually infinite, and man can
bend it, mold it, shape it, direct it to any course his will determines.
The mineral industries must therefore participate in and support re
search and development across the whole continuum of extraction, pro
cessing, and use ... the kind of research and development that can
yield systems which will make industry's operations more compatible with
an increasingly urbanized society. Because, there can be no mistake
about it, that is what we are going to have.
Finally, the mineral industries must continually improve their
ability to plan and conduct operations in ways that provide for rapid
repair of environmental damage. And they must see to it that the public
is modestly informed concerning their good works. No lights should be
hidden under bushels, but neither should every reclaimed, or partly re
claimed, acre be made the occasion for a Hoilywood-style opening night.
Industry should keep in mind the fact that the public fully expects that
environmental damage will be repaired. Consequently, publicity on re
clamation or pollution abatement projects should be in proper perspective
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There is also an important role for Government in this effort. And
I think I can promise that it will be played more effectively in the
future than it has been in the past. As the protector of the public
interest, the Government must work constantly to seek out and identify
that interest, over both the short and long terms. It must cooperate
with industry and with State and local officials to assure that each
community is fully aware of the options it has with respect to mineral
operations. The public surely has a right to decide to accept the
higher costs entailed in transporting some mineral commodities over long
distances rather than incur the risk of environmental damage associated
with development of a particular deposit. But, it should make such a
decision only with a knowledge of all the essential facts and an under
standing of their implications.
Government can help in providing the objective bases for such deci
sions. To do so, however, it must improve its ability to anticipate
future requirements--both material and environmental--so that action can
be taken in time to assure they will be met. As of now, we don't have
adequate data bases that can enable us to project reasonably accurate
trends for most mineral commodities.
We need--and we need bad1y--more accurate and more detailed informa
tion concerning mineral and fuel developments throughout the world. Of
one thing we can be sure; demand is increasing phenomenally and it will
continue to grow, here at home and globally. If we hope to supply that
demand, we have to know more about the changing patterns of production,
consumption, and use and the forces that influence them; the often
intricate structures of the industries that produce these essential raw
materials and fuels or are essential to their production and distribu
tion. We must enlarge our understanding of what has happened in the
past and relate it more meaningfully to the shape of the'present and
the future.
Without this kind of information, we cannot expect to guide the
course of research and development toward a technology that will meet
tomorrow's needs. At this moment, however, the Bureau of Mines is
giving top priority to the kind of studies that will give us adequate
data bases for minerals and fuels. And we are making rapid progress.
This we consider to be one of our major responsibilities. And we intend to meet it.
If both Government and industry meet their responsibilities... if
both strive as consistently and as earnestly as they should to identify
and serve the public interest ... then we can assure succeeding genera
tions a sufficiency of material wealth and an environment .in which that
wealth can be truly enjoyed.
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PROFESSIONAL ENGINEER AND EDUCATOR
VIEWPOINT
by
J. D. Forrester
Dean, College of Mine
Director, Arizona Bureau of Mines
University of Arizona
Tucson, Arizona
A mining enterprise is one of creating new wealth by obtaining
economic mineral substances from where they occur naturally on, or
beneath, the earth's surface. The materials thus secured and placed
in the industrial stream fall broadly into three classes. These are:
(1) Metalliferous substances; (2) Industrial or Nonmetallic materials
and; (3) Fossil fuels, like coal, pertroleum, and natural gas. Other
distinctions of various degrees of definitive refinement sometimes
are used for describing mineral commodities but it is considered that
this classification will serve in our discussion here.
In every case, the mineral production obtained from any given region
is dependent upon the following environmental factors:
1. The occurrence of a favorable geologic setting which will have
formed the natural accumulation of a commodity, or related commodities,
into an identifiable deposit, or deposits.
2. The opportunities to explore satisfactorily and to acquire the
right-of-ownership or, at least, the operating control of the mineral
bearing lands.
3. The application of such exploration and extraction practices that
the mineral deposit, or deposits, will yield profitably the sought-for
mineral substance, or substances.
4. The availability of a sufficient force of skilled and semi-skilled
manpower in order to operate successfully.
5. A favorable civil scene or climate, as it exists to bear upon
such matters as taxation and other regulations of functional nature.
6. The existence of a market, or markets which will give revenue in
excess of the cost of producing the mineral material, or materials.
Except for the first, or the geologic setting, which man cannot modify,
the relative degree of influence of each of these other environmental
factors on the development of mining activities is controlled by, and is
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a reflection of, the sociologic, technologic, and economic conditions
that are, or have been, imposed by the public during any given period
of time; be it past or present.
It should be borne in mind that the United States, comparatively
speaking, is a young country which in the beginning, and even now to
considerable degree, has been characterized by the presence of at least
two diverse environments so far as white-man's occupancy of territory
is concerned. For example, the sociologic culture governing the pri
vate acquisition and ownership-control of lands, as it has existed in
the original thirteen states, is in marked contrast to that which has
prevailed about the use and rights-of-ownership of the lands lying
west of the Appalachians, and beyond, to the Pacific Ocean.
Although some semblance of a transition zone of these contrasting
conditions has occurred in the so-called "middle-west" section of the
country, much of the great expanse of western North America was as
signed at an early stage to the Public Domain where control was, and
still is, vested in the Federal Government. These peculiar environments,
that have generally existed between the regions situated to the east and
to the west of the Mississippi, have historically had distinct bearing
upon the development of mining ventures in the separate sectors of the
country and, also, upon the manifold problems, some of long-standing
nature, that must be resolved as the nation becomes more densely popu
lated and of greater age and, as a result, attains a less-sectionalized
and more-unified character. In fact, the federal regulations which
have obtained for many years about occupying the Public Domain for
mining purposes, and for other uses for that matter, now are being anal
yzed extensively by the Public Land Law Review Commission of the Congress
of the United States. It is anticipated that some rather sweeping changes
may ensue in the laws as a result of such studies.
The history of man's occupancy of North America reveals that, except
for some isolated but nonetheless interesting situations like those
which occurred most notably in the regions of what now are Arizona and
and Missouri, the real enterprises of mining began roughly about the
middle of the Nineteenth Century when the frontier lands of America
were entered by comparatively large numbers of intrepid white-men whose
primary purpose was that of securing fortunes of mineral wealth.
The general character of the progressive exploration and development
of a geographic region, for the mineral resources it bears, usually has
been featured by the original exploitation of precious metal deposits;
followed, in turn, by the production of base metals and; subsequently,
as the particular region has become more industrialized, by the expanded
growth of interest in occurrences of industrial minerals and fossil fuels.
Thus, in the beginning, the early prospectors were chiefly seeking de
posits of gold and silver, but, as the frontier border moved progress
ively westward, many soon turned their activities to the discovery and
development of other types of mineral bodies, such as those of copper,
lead, and zinc. As a result of this notable incursion of fortune-
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seeking men, who were willing and able to spend much time and effort in
their projects, many of the potential mineral riches of the nation were
discovered. This is not to say that all mineral occurrences were brought
into immediate production, or that all were of the metalliferous class,
but it is a fact that, coincidentally, a large number of famous mineral
deposits, many of which still are productive and serving as the import
ant bases upon which numerous present-day operations are dependent, were
found in the early times.
Although mining of significant nature can be dated to have occurred
as early as 1,000 A.D. in the region of what now is Arizona, and in the
Mississippi Valley part of Missouri, as far back as about 1700, this
was not the common economic pattern in most other parts of North America,
and therefore, two historical periods of time here become our chief
interest. These are: (1) The Early Prospector period which extended from
a few years before 1850 to shortly after the turn of the present Century.
(2) The Modern-Day period, which began about 1910 and has continued to
the present.
Early Prospector Period
The mining activities of this period, especially those that were
conducted west of the Mississippi, were predominantly devoted to the
search for deposits of precious metals, like gold and silver. The work
of the prospectors was far-ranging and diligent and, during field work
in various sections of the country, the writer has been impressed on
countless occasions by the evidences of early-day prospecting that was
done, even in very remote and comparatively inaccessible regions. These
evidences are in the form of prospect tunnels, shafts, and trenches and,
also, they may be noted by the remains of old cabins and by various
types of equipment that still may be found. Their scope and character
often are such as to indicate that the old-timers did much of the work
by so-called "hand labor" and that they spent time of considerable
duration at many of the particular sites.
Certainly, the rugged lot of Early American prospectors gave numer
ous and significant benefits to the development of mining and, as a
consequence of their vigorous and widespread coverage of the lands, they
produced notable quantities of mineral wealth.
The early workers characteristically were engaged in comparatively
small-scale operations--as judged generally by modern-day production
schedules. Also, because of economic factors, they often tended to mine
only the high-grade ore zones. Hence, they frequently left lower-grade
sections of the ore bodies undisturbed because the materials were not
then amenable to profitable extraction. They were independent indivi
duals who often worked alone; sometimes on a "grub-stake" basis with
one or two other financial associates.
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Modern-Day Period
At least two significant technological improvements in mineral in
dustry practices occurred soon after the turn of the Twentieth Century
to conduce toward the notable expansion of mineral production in the
United States. These were: (1) The development of large-scale mining
procedures which were adaptable to the exploitation of comparatively lowgrade mineral deposits. The large-scale ventures, many of which are open
pit or surface operations, but not restrictively so, became economically
feasible because great quantities of materials could be moved from in
situ during any given time period through the improved use and availa
bility of steam and electric power and because of the invention of new
types of drilling, loading, and hauling equipment and the perfection of
more efficient explosives and other means of fragmentation.
(2) The development of the "flotation" process for the profitable
beneficiation of sulphide-bearing ores. Prior to the invention of
flotation as a procedure for concentrating or beneficiating the value
of mineral-bearing ores by separating the desired components from their
natural association with nonvaluable mineral substances, most types of
mineral concentration involved some forms of so-called "gravity separa
tion" which were not generally amenable to the economic processing of
large quantities of materials. Thus, the invention and perfection of
the flotation process, which comparably had no such economic or bulk
limitations, was of pronounced importance.
These two technological advancements, together with the ever-growing
population and the resultant progressive increase in the needs for
greater quantities of industrial or nonmetallic mineral commodities; the
overall industrial expansion of the United States, which served as an
important element to establish the Nation as a pre-eminent World power;
the occurrence of two World Wars, which required tremendous resources
of mineral substances; the very significant discoveries of new petrol
eum and natural gas reserves; and, in more recent years, the desire to
find and to exploit deposits of uranium, have had remarkable bearing
on the development of mineral production during the Twentieth Century.
In addition to the foregoing environmental factors, Modern-Day
mining has experienced other salient elements that distinguish it from
the earlier period. One of these features is the successful application
of sophisticated scientific devices for discovering mineral deposits
that otherwise are not readily detectable on the earth's surface. Where
as the early-day prospector depended largely on his innate ability to
discover and to interpret the surface outcroppings of buried deposits,
the modern-day exploration engineer in his search for new deposits, must
use highly-refined scientific knowledge, reasoning, and precision in
struments to an ever-increasing degree in order to detect the presence
of deposits that otherwise do not have ready expression on the surface.
Also, the current mining industry i.s continually striving to improve
other phases of its overall technologies in order to achieve lower.
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competitive operating costs. This modern trend is being pursued both
in educational institutions and by various mining and quarrying com
panies. It encompasses specialized field and laboratory research in
such areas as those of rock mechanics, disposal of wastes, drilling,
loading, hauling, rock fragmentation, milling, smelting, and fabricating.
Another feature, which is important today but was not of comparative
significance in the early-days, is the progessive growth of the influ
ence being exerted by Organized Labor on the control of mineral industry
enterprises. This has had the net effect of raising the costs of oper
ating mineral-bearing deposits and, in turn, it has tended to lead to
the existence of higher market prices or to lesser profits in mining
ventures. As another profound result, the demands presented by labor
unions often have caused intermittent curtailments of production be
cause of shut-downs of work during labor strikes.
As has been stated previously, every mining project needs a suf
ficient force of skilled and semi-skilled labor in order to operate suc
cessfully. In conducting present-day ventures, it is necessary to have
also a suitable and capable complement of
professionally educated
executives, engineers, and scientists who can express their influences
in such manner as to keep the work moving ahead as advantageously as
possible and in good balance with prevailing conditions. Further, and
in some contrast to the conditions prevailing in the early-days, we
find that current mineral industry operations usually require great
investments of capital and very extensive planning, even before any pro
duction is realized from the deposit.
Mining is the creation of new wealth and, in the process of main
taining its position and growth, which are such critical elements bear
ing on the preservation and extension of the country's economic and in
dustrial power, it should be recognized that such activities do not
deplete the nation's resources. Indeed, the exploitation of mineral
deposits, which often are of very low-grade unit value in the natural
environment, serves to sustain the nation's economic welfare by placing
materials in the industrial stream that otherwise would yield no benefits
by remaining in the ground. Further, it should be realized that mining
ventures give fruitful employment to many people; pay significant taxes
both on state and national bases; purchase large amounts of supplies
and equipment; and make immense permanent investments in plants and
related installations.
Although their good works often unfortunately go unpublicized, the
present-day executives of mineral industry affairs commonly strive to
be good citizens of the communities in which they conduct operations.
They sponsor hospitals, schools, and recreational facilities in the
various localities. They do not seek undue privileges in order to carry
on their work but, in the writer's opinion, they have frequently been
overly modest or neglectful of the opportunity to tell the populace, as
a whole, of the important contributions being made for the overall public
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welfare. As a result, the image they have commonly tended to establish
is one that leads to misunderstanding or, at best, to passive tolerance
by the public and, also, it contributes frequently to the development
of unrealistic state and federal controls and often to the tendency
to impose intenable and discriminatory taxation.
The people, because of the lack of better information, commonly
get erroneous ideas about the benefits that accrue to them through
the works of the mining and quarrying industries. These reactions
tend to stifle progress or, at least, they create undue side-effects
that compound the industry's manifold problems.
I believe without any reservation, whatsoever, that the activities
of education and of mineral industry operations are wholly of valid
nature in the bearing they have on our economy and culture. Just as
mineral industrialists notably are good citizens, so too are the aca
demic faculties and students who are involved in these affairs. Over
a period of many years, I have observed that mineral industry students
characteristically are serious minded, well-balanced individuals who
are striving to obtain a professional education and who have no time
for radical or anarchistic movements that seem to exist today among
some student groups of other academic disciplines. Also, I am convinced
that the fundamental issue we are concerned with at this present-day
juncture, and the solution that can be made of it, involves all of us,
educators and industrialists alike, who are engaged in any phase of the
mineral business. Collectively, we can render much good if we recognize
the fact that, as professional persons, we have equal responsibilities
in the matter of trying to establish a better public image.
Since the time, early in the Century, when the professions of
mineral engineering were generally esteemed and, thereby, enjoyed a
high-ranking position of public opinion, the mores of American civiliza
tion have changed. I am not arguing that the changes have been good
or bad; what I am saying, is that changes have occurred, and I believe
many of us have not recognized what progressive effects they have had
to fix the current environmental situation. That is, when many of us
finished school, 30 to 40 years ago, more or less, things were different
than they are today so far as mineral industry matters are concerned.
Since about 1915, the United States has engaged in at least two major
wars and we have had the Great Depression and the New Deal, the Fair
Deal, and the Great Society, ad infinitum. In recent years, we have
had an unprecedented and sustained period of industrial expansion which,
except for intermittent, unfortunate curtailments of production caused
chiefly by the labor problems that seem to beset some of our mineral
operations, has contributed to remarkable growth of the nation's Gross
National Product. These things among others, have modified civilization
so that, today, our American way-of-life is not what it was previously
when mining ventures enjoyed a reasonable degree of good recognition,
high stature, encouragement, and sympathetic understanding. This
being the case, we can't suitably teach mineral engineering academic
curricula like we did 25 years, or more, ago and, by the same token.
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the mining industry can't carry on successfully by taking a passive or
even negative attitude either so far as public relations are concerned
or about the employment of professional personnel.
I venture that when most of us here sought original employment, we
rustled our jobs by our own initiative and vigor; this was then the
general practice among university graduates. Today, however, it is
customary for most graduating seniors to develop employment contacts
by means of interviewing a recruiter who visits the university campus.
Again, I say I don't know personally if this type of modern-day approach
to employment of college students is good. Nevertheless, I am certain
it is a real, on-going procedure followed by many employers; but seldom
on a competitive scale by mining companies. That is, the current prac
tice of employing most mineral industry professional personnel seems
not to be in parallel with the common hiring programs followed by
other industrial organizations. The general failure by the mineral
industry to modernize its appraoch to employment of new engineering
talent may be ascribed by some as a reflection of the characteristic
conservative philosophy inherent in the mining business. This may be
so but, in the aggregate, I am sure it is at least one reason why the
mining companies often don't get their share of young people to enter
training for the mineral engineering professions.
The concept commonly held by the lay public about the mining industry
is fraught with erroneous and warped beliefs. The populace prevailingly
seems to think that all present-day mining is a dirty, dangerous business
run by men whose basic purpose is characterized by programs designed
to exploit the people and the natural resources, and to destroy the
native landscape by tearing it up or covering it up. A majority of
the public, including the personnel of many state and federal agencies,
seem to believe we don't sincerely care about workmen's safety, schools,
hospitals, housing for employees and their families, or about water
pollution, soil conservation, and other matters of civic nature. We
know these things are not true, but we don't satisfactorily tell the
people so because the industrialists and educators, as a whole, seem
to be reticent about discussing such matters by means of using news
channels that otherwise could yield fruitful results.
I believe the misconceptions that are held commonly by the lay
public can be refuted and, accordingly, that the people will respond
favorably to concerted selling-drives designed to inform them, through
all types of local and national news media, about the manifold good
and beneficial things inherent in the mining business. By every pos
sible means we should tell the public again, and again, that the min
eral industry gives employment to many people and that its salaries
and wages are at least competitive with those prevailing in most other
industries. We should give proof and confirming statistics that
labor is not being exploited and that mineral industry operations are
proud of their records of work-safety and of the support they give to
schools, hospitals, and other civic affairs. We should build upon the
fact that mining enterprises create new wealth and thereby they enhance
the well-being of the populace on local, state, and national levels
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and, in so doing, they pay notable taxes and make extensive purchases
of equipment and supplies which augment the general economy. I propose
that the mining industry could benefit extensively by advertising to
the public what it is doing of its own volition to attempt to achieve
remedies of the problems of pollution and of disruptions of the landscape. Indeed, we should even stress to the people that the true
image of a mining engineer is not one of a grimy, unkept individual
who seldom comes out in the sunlight.
In other words, v/e need to develop and engender the interest of all
forms of news media to join with us as zealous advocates in the sell
ing-campaign of presenting the proper and favorable image of the mineral
industry to the public. It is only good sense and good business to
do so and I am certain we will win back the friends like those we
enjoyed some years ago. In this connection , I am pleased to remind
you that you are fortunate by having such a newspaper man here in
Rolla. From my personal experience, I know that Edward W. Sowers,
Publisher of the Daily News, is the type of publisher and editor
whose willing zeal and cooperation we need, I wish we had many more
like him.
I am sure you will have gathered that I consider the matter of
establishing a proper and favorable Public Image is of critical impor
tance to the mining industry. In my judgment, it is indeed, the very
root from which much of the industry's overall environmental situation
stems. As I have indicated, I believe it is liable to good and fortun
ate resolution and that, as a result, most of the other problems of
the industry will tend to become of minimal nature. Certainly, when
better public relations are achieved, they will yield the fortunate
effects of having a more discerning and sympathetic general public
as our mutual associates.
I am optimistic about the mineral business and I believe the
future is bright for the continued growth and development of mining
in the United States. New mineral discoveries undoubtedly will be
made and, if the industry gets the cooperation it deserves and, thereby,
is not faced unreasonably with the imposition of unrealistic govern
mental controls and bureaucratic edicts; by unfavorable market conditions;
by exorbitant labor demands; by untenable or discriminatory local and
national taxation; and by the undesirable existence of a poor public
image, the production of mineral commodities is bound to be of great
and growing dimension.
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INDUSTRY VIEWPOINT

by
Bryce I. MacDonald, Jr,
Vice President
Kennecott Copper Co.
New York, New York
In the last two and a half days, you have heard presentations by
a number of industry representatives that stand as concrete evidence
that the mining industry today is deeply involved in an effort to
devise and use improved techniques of environmental quality control.
Yet in considering the relationships of our industry with the
general public, it is not sufficient to simply outline the measures
we are undertaking to improve our ability to cope with environmental
matters. We must also consider the broad problems we, as a basic
industry, face. In my presentation, I would like to focus attention
on three primary considerations:
1. Our environment does have a substantial and dynamic
capacity to absorb wastes and convert them into stable, nonharmful products.
2. We may set a wide range of objectives for the degree of
control desired, each objective dependent upon a value judgment.
3. The mining industry, specifically, must operate where
nature has placed ore bodies, whether this be an urban or rural
environment.
To launch a meaningful approach to the significance and interrela
tionship of these factors, we begin with the recognition that environ
mental quality control today stands as an issue rather than an objec
tive. The subject is becoming increasingly beclouded in emotionalism
and misunderstanding. We have been treated to a wealth of panaceas
notable for their simplicity and generality. Crusaders and militant
organizations have drawn graphic pictures of imminent natural disaster.
Literature on the dangers of effecting changes in our natural world
ranges from popularizations of scientific studies to lurid Sunday
supplement articles. All of these influences tend to reinforce the
traditional American expectation of quick and decisive action. Perhaps
the most obvious proof of this demand for instant solution of environ
mental problems is to be found in the burgeoning crop of proposed and
actual government regulation on the local, state and Federal level.
All too often, this regulation mirrors the popular misconception that
government can legislate a quick and simple solution to environmental
contamination problems. Too often, such precipitous attempts at
resolution only serve to compound the problem by wasting time and
effort...and by stirring protracted and meaningless argument.
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There has been entirely too much finger-pointing. There have been
too many charges that one segment of our society isn't doing enough
to curb environmental problems...too many countercharges that the oppos
ing sector is demanding too much...too many evidences of misunderstand
ing when it comes to an examination of who causes environmental prob
lems and who should pay for their solution. Such squabbling can only
serve to delay effective environmental quality control.
The time is long overdue when both the public and private sectors
of our society should sit down and take a good clear look at the environ
mental quality control. Now is the time when some of the confusion
and misunderstanding should be brushed away, when we should determine
the specifics of the problem and what steps we, as a total society, can
and are willing to take to control the quality of our environment.
A groundwork for understanding calls for a recognition that the
overall problem of environmental quality control is not, as some would
have us believe, the result of cumulative abuse of our environment.
We are not facing the effects caused by the accumulation of the waste
of centuries in our air, land and water. Our environment has a mirac
ulous capacity for absorbing the wastes of our civilization and re
generating them. The intricate mechanisms of nature, for example, pro
vide for turning contaminated water, over a period of time, back into
clean water. These regenerative abilities of our ecology still exist.
Our current problems stem from our shortcomings in adapting the degree
of our waste input to the recycling capabilities of the environment.
Picture, if you will, the natural world around us as a vast sink
into which we pour our gaseous, liquid and solid wastes. In the past,
the ecology has been able to accept those wastes and eventually trans
form them. But two comparatively recent developments have greatly
strained that ability. These factors are the accelerated industrial
ization and urbanization of our society that have caused intensive
concentration of our waste input. The concentrated wastes are poured
into small sections of the sink, rather than distributed evenly through
out the environment. The entire sink isn't overloaded...just certain
sections.
Our basic approach to controlling the quality of our environment
should be more efficient use of it as a sink. We must realize that
the sink has limitations in terms of the amount of waste it can accept
in any one area, and in the time it requires for proper recycling.
We must control the dissemination of our wastes and bring them into
reasonable balance with the capacity of the environment.
A crucial first step toward achievement of this balance is a complete
and hardheaded analysis of the adverse environmental conditions that
have spurred concern. We must trim away the speculation and confusion,
isolate what is proven, and separate the important from the unimportant.
Such examination and appraisal calls for an almost surgical objectivity.
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By analyzing the various conditions that make up the broad spectrum
of environmental change, we can establish the degree to which solution
is critical and assign priorities for action.
Adverse environmental conditions may be divided into four major
categories. In order of importance, these would include:
1. Conditions that cause acute illness or death in susceptible
groups.
2.

Conditions that may create a chronic health hazard.

3. Conditions that can be regarded as a source of nuisance or dis
comfort.
4.

Conditions that offend aesthetic values.

Of the first category -- those conditions that are proven to cause
acute toxicity -- there can be no argument. Industry recognizes its
responsibilities in this area. It would be improper for anyone to
knowingly ignore or continue practices that are destructive to human
life. There can be no question of cost or priority in this category.
If government regulation can determine where industry has been remiss
in recognizing the dangers of such conditions, any action they might
take to remind us of our responsibilities is to be welcomed.
Examination of the second category means entry into a vast grey
area where controversy has proven sharpest. Specific examples of en
vironmental influences that fall within this category include lead and
sulphur in the atmosphere, fluoridation of water, use of pesticides,
and the effects of nuclear radiation. In each of these instances,
incomplete technology has not lessened the militancy of those who view
them as major and immediate threats to human health. But it is critical
that research in these areas progress with whatever speed is compatible
with scientific care and objectivity.
The third category, comprised of those environmental conditions that
may cause discomfort or take the form of a nuisance, would include un
pleasant smells, foreign substances in the air that might cause water
ing of the eyes or shorten the life of a geranium, or soot on windows.
Attention has been focused on the final category -- conditions that
may offend our aesthetic sensitivities -- by those who object to the
presence of billboards along a highway or the construction of a high
way through a redwood forest.
We must take the time to categorize and thus isolate individual
environmental quality problems. By thus determining the urgency for
solution in each case, we can move to the final consideration before
working out methods, equipment, and procedures for solution. That
final consideration calls for a careful examination of all relevant in
terests and a proper balancing of risk against benefit.
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The modern industrialized society exists because we have demanded
the advantages and conveniences it provides. And this society, be
cause of its complexity and scope, must necessarily cause some changes
in our natural world. The old saying that points out the impossibility
of having our cake and eating it too holds very true in this case. If
you want a silver bracelet, someone is going to have to dig a hole in
the ground. If you must drive an automobile, some gases are going to
be exhausted into the atmosphere. If you insist on an electric dish
washer, there will be detergents flushed into the water supply. It is
impossible for a technological society such as ours to exist without
changing our natural world and without producing wastes that require
disposal. While it is too late to declare a moratorium on progress...
too late to completely reverse the technology that has become so deeply
embedded in our society and way of life, we must take action to cure
environmental conditions that are proven dangers to national health.
Our pragmatic society would never stand for sacrifices required to
restore our entire natural world to its pristine and primeval state.
Yet our society asks some slowing or curbing of the massive changes it
is causing in the natural world where it must survive. Somewhere, be
tween complete return to a pure natural state and uncontrolled abuse of
the environment, lies the desired compromise.
Having delineated the areas where improvement is needed or desirable,
we can decide what we, as a society, are willing to pay or sacrifice.
If we want cleaner air, cleaner water, more effective land reclamation...
then we must know there is a price tag ... just as we have learned that
technological progress has its price in terms of environmental change.
That price -- eventually and unavoidably -- is going to have to be
borne by the total society. This will stand no matter who shoulders
the immediate burden of funding improved waste disposal systems, more
effective internal combustion engines, more intensive research into
long-range effects of environmental changes, or any aspect of environ
mental quality control. The cost may be measured in money: higher
prices for manufactured goods, smaller dividends for shareholders, re
duced business profits or higher taxes. It may be measured in the loss
of conveniences. Or it may be measured in terms of slowed progress as
more technical and scientific talent is diverted into environmental
quality control assignments rather than more materialistic pursuits.
Whatever the price of the controls we agree to impose to restore
a better balance to our environment, the public will have to be pre
pared to meet the bills when they become due. And the public, in this
reference, means a combination of the private and public sectors. Our
modern society is too interrelated, too integrated, to permit isolation
of any one part of it to accept total responsibility.
We all share in the benefits that accrue from this industrialized
and urbanized society. We all share in the dangers that way develop
from abusing the ecology. And we must all participate in examination
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of the problem, selection of the solutions, and implementation of
those solutions.
Attendant on this alliance of the various interests of our society,
is the requirement for better cooperation than has been evident to date.
Development of a more cooperative spirit in approaching the subject of
environmental quality control may well have to begin with an examination
and appraisal of some traditional attitudes.
Attendant, also, is the recognition that with respect to the degree
of control desired, attitudes will vary geographically with the degree
of urbanization and with the social and economic values of the particular
area concerned. Thus, there can be no uniform objective for the degree
of improvement sought for.
Industry, for example, has been called the villain so long that
many of us -- both in and out of industry -- are prone to believe it.
And accepting the role of principal wrongdoer encourages a defensive
stance on the part of industry leaders. The result is that we often
find industry fighting defensive holding actions when environmental
problems are up for examination instead of aggressively seeking solu
tions. Too often, strategy has been based on resisting regulation as
long as possible, then reluctantly complying with whatever regulation
may be enacted over industry objections.
Defensive and negative attitudes on the part of industry to the
extent they still exist must be displaced. Our reaction to any move to
resolve environmental problems must be straightforward, honest, and
positive. Most moves to abate contamination of our air, water or land
depend heavily on the ability of industry to implement that technique
or procedure. Industry, then, can make a major contribution -- and
avoid a great deal of grief -- by making sure it plays a role in the
examination of the problem and the basic development of the solution.
Only in this way can we reasonably expect the solution to relect a
practical grasp of industry's ability to implement that solution.
Industry must continually demonstrate its readiness, willingness
and ability to cooperate with the public sector. It must make its
practical knowledge and expertise available to government. Public
debate should be welcomed as an opportunity to dissipate confusion,
misunderstanding, and unfounded fears. It should be seized as a chance
to advance industry opinions, to educate the public sector. The
mining industry has already seized this challenge.
Complementing environmental control projects of individual mining
companies has been a collective effort by the industry to maximize
cooperation with the public sector. Last year the American Mining
Congress, active in pollution abatement and land reclamation for many
years, restructured appropriate committees to be even more effective
in these areas. Our Subcommittee on Environmental Quality Control is
composed of leading company executives with a wide range of experience
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and expertise in environmental quality control disciplines. Behind
such efforts is the continuing campaign to develop the best practical
and technical data available and then place this fund of information
at the disposal of the government or any interested party.
Through the American Mining Congress, the mining companies have
made substantial progress in setting up effective liaison with govern
ment in trading views and information. The immediate objective is
obvious: avoiding the enactment of restrictive laws that cannot be sup
ported with scientific evidence or that take no real heed of the cap
abilities of existing environmental control means.
An important key to working with the public sector lies in the
mining industry's ability to focus attention on its own special
characteristics ... to explain those principles of environmental quality
control that are peculiar to the extractive industries. Firstly, the
location of mining enterprises is determined by the location of the
ore body which is being exploited. Ore is still v/here you find it ...
therefore the mining, milling and smelting sites tend to be fixed by
the location of the ore body. A second feature of hard rock mining
operations stems from the fact that the concentration of recoverable
minerals is often very low relative to the surrounding rock mass which
must be excavated to liberate the finely-disseminated ore. For example,
in copper operations, a metal content of 14 pounds per ton of rock is
quite typical of such concentration. The result is a waste disposal
problem of tremendous magnitude.
Fortunately, in many cases, because of geological conditions, mines
do not have to compete with other emission sources for the available
capacity of land, air, and v/ater to absorb waste production. But, as
urbanization increases, the juxtaposition of opposing interests can be
expected to create new problems.
Finally, if industry is to effect certain changes in its traditional
attitudes, it stands to reason that we may expect some new evidences of
cooperation on the part of the public sector. Government must offer
industry an even greater opportunity to be heard, must show even more
wi11ingness to respect our expertise and experience. Government must
lend a more receptive ear to arguments that environmental control mea
sures can best be resolved at the local level where consideration can
best be given to wide differences in economic, industrial and natural
conditions.
The general public must begin to show some very real concern for,
and interest in, the quality of the environment. The problems and
their solutions should not be left in the hands of organized pressure
groups whose motivation may range from sincere social dedication to the
crassest self-interest.
Both government and the general public must learn to supplement
an increased objectivity in approaching environmental quality control
with a larger measure of patience. Time is a convnodity that is es
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sential to resolving our problems. We need time to complete meaningful
research into cause and effect. We need time to further develop the
technology that will serve as a medium from which to select solutions.
We need time to train the scientists, technicians, and specialists who
will have to implement environmental quality control procedures. And
we need to get at it.
Joined in an alliance whose objective is a healthier world in which
we can all live and prosper, our society should experience no difficulty
to resolving even as complex a problem as environmental quality control.
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PANEL DISCUSSION
Mr. Overton:
Doyle's comments leave me to conclude that the hour is
at hand for all of us in government and industry and in private
life to begin anew developing a much needed national minerals policy
and to consider within the framework of that policy how the total quality
of our environment can be safeguarded without jeopardizing the vital
minerals industry. Efforts to develop a national minerals policy date
back to the Paley Commission in 1952 and to 1954 when President Eisenhower
established the Cabinet on Minerals Policy. Legislation seeking to dev
elop a national minerals policy has been introduced in the 91st Congress
by Senator Gordon Allott of Colorado. We in the Mining Industry hope for
early hearings on Senator Allott's bill. Action in this respect, in our
judgement is long overdue. It is in dealing with a national minerals
policy that we can best achieve a balanced approach to that environment
in which the mining industry can find the scientific, technological and
economical incentive to continue to make the impressive contributions
it has in the past to our growing economic strength and to the greater
well-being of all our people.
Mr. O'Leary: The coal mine inspection force for the Bureau of Mines
consists of 200 some people with a median 10th grade education. These
people are advising people who in many instances do not have mining
engineering backgrounds and can not afford to hire consultants. Our
people are advising them not only on the safety aspects of their mining
operations. It could be that you could draw a line between safety and
the other aspects of an underground operation and the regular courses
of production as well. It is obvious that the source of raw material
we have to work with in the Bureau now and prospectively, in the future,
are out of tune with the demands that are placed on the Bureau. I
think that brings up another point if I may add to them. I don't know
if this is one you were going to get to. The newspapers, as witness
the response to the mining disasters, are interested in the social
implications of things. It seems to me that a good deal of the talk
here today was with regard to how do we get the message across and
we ought to spend a little bit of time on what the message is that
you want to get across. I think there are two aspects of this that I
can tell you from my own personal experience.
First, in the development of mining and extraction process metalurgical
programs for the Bureau of Mines, we have not done the sort of work
responsive to the changing public, interest and environmental quality.
We don't know how to prevent mine fires affectively, we don't know the
physical perameters of caving, of subsidence in a tunnel area. We don't
know the sort of support that can permanently prevent subsidence or
leave a place stable. We don't know how to develop metallurgical pro
cesses that are first, economic by cause. As I have said many times,
the first responsibility is to pay the freight, and secondly meet
requirements of the American people. They want big, fast, high horse
power cars and we are quite willing to pay for them. They also want
clean air and thus far we have said no we're not going to give you that.
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although I think they are willing to pay for it. We haven't as a bureau,
in our work in mining and extractive metallurgy, given the attention in
our research programs to directing it to meet this new dimension of in
terest and demand of the American people. So that is one of the things
we are going to have to get around to.
The second thing is that this industry has been so fantastically
successful that it has disappeared. The only time that this industry
comes to public attention is when people are killed or the landscape
blighted. You have simply disappeared, you're not in the same posture
as Bell Telephone. You have become, in effect, the industry that isn't
there -- except when you cause trouble. Now I mentioned during the
break that there are some people in this country who say, and I think
the Santa Barbara population are in this category, "Import." "Don't
produce it around here. Don't make a mess." And you are simply
going to have to convince them with the sort of statements that assist
ant secretary Doyle and I made this v/eek and others from the Interior
Department will make in the future. You are going to have to convince
them that if we take that course our whole standard of living is under
attack. We have been able to have an affluent society for one reason
and one reason only, because less and less of our over-all effort was
directed toward raw material supply. A hundred years ago all our
effort was devoted to providing enough food for those who produced the
food and for the small element of the population who didn't and pro
viding the metallic materials that were ultimately needed by this
society. Now we have gotten around to where, as I say, the point of
the pyramid has become the base of it. And if we destroy that base,
the mineral industry, the whole situation will crumble. That is the
social side of this story that has to be gotten across.
You can't do it by saying, "Look how well we've done." We are just
now curing the sulfur problem at a little over 100% increase in price,
$18 to $42. And that means people don't get to use more sulfur, more
energy, and more capital, but that more man power goes into the pro
duction of sulfur. We're just curing our c o p p e r problem at another
4 to 5% increase in price and that means again that our material effort
goes into the production of copper and not into the consumption of
copper as a nation. We are now getting the first indications that
the long-term trend toward declining metallic costs is ending and is
starting up. And that is the treat to society that we have here.
QUESTION: I don't think Mr. McDonald has had a chance to talk. I
sense a potential conflict in your discussion. I was very much taken,
at the beginning of your talk, with the point about the tremendous
capacity of the environment to absorb waste and to regenerate itself.
How many different variables are there in the environment and how must
we use them? Waste disposal is a legitimate use of the environment but
to accept this use requires a very complex understanding. Then along
toward the end I sensed a reluctance to agree to what seems to me to
be the necessary controls and regulations to exact that very policy.
If we are going to use the environment that way, I don't see how we
can avoid extensive and fairly detailed regulations from the public
sector. Nor do I think they can be local. They involve a number of

289

municipalities, often a number of states, and if we are not to get into
a competitive bargaining back and forth it seems to me the logical place
is federal.
Mr. McDonald: Well put. My reluctance which you have perceived correctly
stems primarily from a recognition that we really know so terribly little
about the things we need to know. Many of us haven't had engineering
or scientific training and are reluctant to make statements on scienti
fic data. There
is a really obvious problem that is hard to express
logically. I amsort of familiar with the Hudson River having worked
and lived in that area a number of years. The major problem of the
Hudson River is the fact that many of the small communities along the
river have for many years dumped raw sewage into the Hudson River. And
yet the emphasis
in the public press and so on is saying that this is
all manufacturing's fault. The fact remains that the amount of money
that is required to solve the problem of raw sewage is rather monumental.
I don't think anyone is prepared to say where that money is going to
come from. So I guess you might say we're in a chicken and the egg
situation. The more we investigate this thing the more we become impressed
with the actions of the public and private sector in contributing to our
basic dilemma. Secondly, the point that I tried to emphasize is that
somehow we have to find a way of qualifying what it is going to cost us.
And the last point that we wanted to make was of course that for heavens
sake we have got to have some time. Now, what with the many things we
need to do, time is pertinant.
A relative newcomer to the mining industry, I must admit I am
appalled at what I regard as a very minimal understanding of public
relations. For evidence, I sight the fact that prior to this major
copper strike that went on. there was an attempt made to do a public
relations job which was, by any reasonable measure, a failure. It was
a failure as measured by the fact that the strike went on for 8 1 / 2
months, but more important than that, we didn't really believe that vie
made any measurable impact on the attitude of the people in the communi
ties where the strikes were taking place.
So back to my point on more time. As Director O'Leary pointed out,
before we start communicating, we need to give some thought to what we
have to communicate.
It is my observation that it's taking us a long
time to do this. First we have to use a 2x4 to whack the public over
the head to get his attention. I think we are getting his attention
and very slowly people, who after thirty years of work have never spent
five minutes seriously considering public relations, are going to have to
do a lot of homework. Now that is not a very direct answer to your
question but the question you asked was a very hard one to answer.
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Editors Note:
At this point in the conference difficulties were encountered with
the recording system and a portion of the panel discussion was not re
corded.
Panel Discussion concluded:
Dr. Scott: At this time I'd like to introduce Mr. Thomas Ware, Business
Consultant, Skokie, Illinois, v/ho will summarize the conference and give
his opinion on the position of the Mineral Industry today.
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SUMMARY AND CONCLUSIONS
OF THE
MINING ENVIRONMENTAL CONFERENCE
by
Thomas Ware
Business Consultant
Skokie, Illinois
When Dr. Scott said I was going to try to summarize this meeting
he was right. It's been a stimulating experience to follow the con
volutions of the many ideas that have been presented here. I shall
not only try to summarize, but I find that I am moved to add a few
personal observations to your program as well. However, in briefest
summary, I believe there has been presented here a new aspect of mine
management— its widening public responsibilities.
With the news media running as many stories seeking protection for
our environment, it is obvious that the public has become quite con
cerned about the effect of mining on the environment. The public may
not have had very much accurate information to go on, but it clearly
senses the importance of giving serious attention to such problems,
and it wants to assure itself that managements in mining are alert
and are actively seeking improvements in this area.
There is an added awareness that increasing production in our
society, in whatever field, is contributing to waste problems which
adds seriously to social burdens. Government representatives find
their task greater and their reaction quite naturally is one of
inquiry, seeking specific information with which it can adequately
plan to handle such difficulties. As Senator Randolph, of West
Virginia, has observed, his senate committee of public works used to
concern itself only with public roads and parks, today its work has
become expanded, typically, into one of wide and searching inquiry
into the effects of industry on our environment as it affects our
water supplies and this is only one aspect of the change in his
committees activities.
Mining Management on the other hand, is aware of the broad im
pingement of its activities on society and its various sensitivities.
Most of these it readily acknowledges as real, and is attempting to
find ways and paths for improvement. Others it, quite frankly,
doesn't know how to accommodate within its product costs, yet it is
seriously seeking practical answers to these, cooperating with uni
versities, governmental departments and others. Especially does it
wish to cooperate with those who have a responsible line of inquiry
that would indicate promise.
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Admittedly, mining companies find themselves in an increasingly
paradoxical situation. They know that just about all human activity
depends on mineral products, yet they know that they must intrude on
the natural environment in order to provide vitally needed materials
for human activity in industry. Also, the mere act of mining, while
giving employment, exposes workers to hazards that can range from un
safe working procedures, to potential community disaster from unseen
gas accumulations. Or hazards of the newer variety, exposures brought
by science in its quest for more exotic minerals where there is little
experience.
Moreover, forecast increase in world population makes it obvious,
if we are to have adequate supplies of mineral products, greater
production levels must be realized and we should expect intensified
public response to increased accumulation levels of such problems.
Through government and university study with the cooperation
of mining companies, fortunately there is now being developed a body
of knowledge and skills that can be drawn on for mine planning to help minimize the undesirable effects of mining on the environment.
It all starts of course with the ability to measure, quantify, and
relate mining effects. Reporting at this meeting showed that if we
can keep open minds and develop accurate, appropriate information,
we can find improved solutions to the growing threat of waste and
effluent disposal.
For example: Using advanced measuring techniques, careful study by
investigators here at the University of Missouri were made on mines
water discharges and they have shown stream ecology has, in fact,
been changed by the mines in the new lead belt of Missouri. Growth
of algae was represented as the principal observation, and it was
suggested that these discharges had quite a toxic effect on the stream
life in this area.
Analysis of river systems in the coal mining areas of Ohio's
Appalachia has shown that mine drainage can affect stream pH for
as far as 20 miles or more from the mine. Whereas public opinion
has tended to place the blame on unreclaimed mine wastes, the real
contributor to the acid flow in Ohio's Appalachia has shown that mine
drainage can affect stream pH for as far as 20 miles or more from
the mine. Whereas public opinion has tended to place the blame on
unreclaimed mine wastes, the real contributor to the acid flow in
Ohio's river system was traced to the drainage from abandoned mines
which were found to contribute over 53% of this problem. Since there
are 525 abandoned mines in Ohio, and sizably larger numbers of such
mines in other states, the means for coping with this source of stream
contamination are clearly indicated, but of course, we have the practical
problem of the immense costs; these can be quite formidable.
There would appear to be many methods for blocking off and controll
ing acid mine waste water. Several of these were reviewed, however.
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sludge formation with neutralization methods appears seriously awkward.
More exotic methods such as electrolysis, reverse osmosis and other
laboratory techniques are available, but they are prohibitably expen
sive at this time, even though they may point the way in some long
term future sense. The Mine Drainage Pollution Control Activities
group of Ohio is building a body of information on methods which should
be useful to mining engineers for planning future mines. It would
seem that there should be no reason for future closed mines to leave
our states with drainage problems such as have been left in the past.
Deep well injection of waste effluent was illustrated showing how
disposal can be made under deep lying cap rock formations. Popularity
of this method has been increasing in recent years. Illustrations were
given which showed typical design considerations, pointing to the neceS'
sity for care in filtering any solid materials to avoid plugging ground
structures, or otherwise injuring porosity and permeability which would
risk a rather sizable well investment.
In the concern for land reclamation following mining, there is a
need to place this matter in perspective. The necessity for mineral
production would appear to be of paramount importance to civilization
in the long view. In many respects, it was pointed out there are
worse abuses of land resources than that which appears to come from
mining.
It was suggested that the limits of mineral resources be taken
into consideration when understanding the problems involved in establish
ing any standards for environmental control.
A call for creative solutions for anticipating public pressures
v/as suggested from the mineral economist point of view. Cost-benefit
analysis was pointed to as a means for evaluating and making choices
when selecting among alternative methods for achieving land rehabilita
tion. The view expressed at this conference is an approach at optimal
decision making, and it was a very fresh and vigorous contribution.
It shows promise at pointing the way for_getting some "economic handles"
on this type of problem and Lord knows we need them. I believe this
warrents further development as providing a structural approach for
handling many mine waste disposal situations.
Specific solutions for land rehabilitation were sited by Peabody
Coal and the Florida Phosphate Council who have dealt with strip mining
operations. Both presentations emphasized restoration of plant life
after reshaping over-burdened piles and ponds. The most striking
feature appeared to be the effort to plan rehabilitation taking advan
tage of community needs, offering quite imaginative and meaningful ties
for the companies involved and their people. Such lands were made into
park areas, fishing ponds, beaches, wild life preserves and they
were turned into attractively planned home communities, interspersed
with lake fronts which had formerly served as effluent circulation basins
Both Peabody Coal and the phosphate mining industry have converted
extensive overburdened acreage to agricultural use, developing cattle
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ranges, and tree farms. These thoughtful, practical applications of
mined out properties constantly remind the public that the mining com
pany is conscientious about its responsibility toward its community.
In the case of White Pine Copper, when faced with developing an un
usually large above ground storage area for pines, and stablizing these
materials to keep them from becoming wind blown, this company turned to
available government agencies and university life science teams for
advice and assistance. It tapped a very important political response
tie. It not only succeeded in establishing vegetation to cover these
tailings, but made the unique contribution of a wild life sanctuary for
migrating birds to the ecology of this area of Michigan.
Great care and thoroughly intelligent investigation was suggested
for handling environmental problems that stem from stack and dust
emissions. This was also suggested by approaches used to handle en
tirely new and unfamiliar mining tasks that have been brought on by our
new branches of science in its quest in particular for uranium ores
with resultant exposure of miners to the hazards of the two radon
daughters.
Where cause and effect are less visible, idle speculation can fan
public emotion to irrational response, and the danger of misleading
the public to its detrement through economic loss. It was pointed out,
for example, that it took quite some time to identify the automobile
population as the principal contributor to city and air pollution. In
the matter of urban concentration, of population, air pollution easily
becomes the focus of public interest. Not too much is known about
it yet except that the concentration of air pollution does correlate
with the population size of our cities, with New York at the top of
the list. Studies on particulate concentrations show that the aggre
gate of our city pollution appears to be on its way to improvement,
but it is pointed out that the shear volumn of air around us is so
large that it is very difficult if not impossible to perceive such a
trend with any certainty, let alone discerning the factors for its
amelioration.
In the paper on SO2 emission, we had an example of a very respon
sible and thorough inquiry. The need for power generation by coal is
irrefutable yet our principal coal reserves do contain sulfur with
the greater portion of these being in higher concentrations. Here
again, through investigation, questions on smoke stack height are
left with yesterday. R and D analysis of the original coal makeup
and burning, gas scrubbing, and extensive processing technique are
being examined. It was reported that many large power companies are
making whole plant investments in quite different schemes, after the
most rigorous study and pilot investigations, trying to achieve cer
tainty in minimizing SO2 affluent emission. These efforts can result
effectively in major cost additions of as much as 50(t to $2.00 per ton
of coal burned. The final proof will hopefully come from full scale
prototypes.
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Taken all together, the papers presented at this conference are
impressive in the range of material presented as well as the depth of
study that is evident by their content. The evidence of buffeting
that is shown in the response of the mining profession to public con
cern can be gleaned by the immense amount of work that is now being
carried on by this industry to find facts with which it can be certain
of its future course.
Achievements in mining being what they are, born of risk-taking to
serve the public with the products it requires, it would simply seem
to me that management, government and the universities are being
pushed to a point of vexation where it is also reasonable to question
the source of public pressures that are now impinging on the mining
effort. It would seem all to glib to assume that the mere outlet for
these pressures is to be higher product costs to the public. Rather,
I would be so bold as to suggest that we stand back to see if we can
not see the source of pressure causing the public to respond the way it
has. I d o n 't mean to say that present mining practices are perfect,
and I hope I have not impled that in my summation to this point. Clearly
this conference shov/s the way for such improvement. The course which
has been outlined as one of intelligent, assiduous investigation and
research into all matters relating to public concern for the protection
of our environment, is born of long term careful and proper consideration
We should always follow such a course. But somewhere there is indicated,
at this time, a flexibility that is required. Perhaps you can glean
some of what I should like to add to your conference, by suggesting that
more attention to the nature of the public's response - what it wants,
what it needs, the force which establishes its tenor - should be looked
at.
As we look to forces which emanate from the public to shape the
widening responsibilities of mining management, it seems to me that
there are other forces far greater than some of those that have been
mentioned in this conference. For example, population growth pressures,
domestic as well as world wide:
Population growth is at an exponential rate. Its demands are greatest
in the developing countries where its rapid growth creates widespread
disorder, seeking and forcing ways to be included as a part of the world
economic circuity. These developing countries not only possess the
largest portion of the world's population but they are so underdeveloped
as to require massive capital formation. This can only be realized at
primary capital forming levels, through both agricultural development
and mining.
The exposure of mining management to the pressures of population
growth comes into focus when we realize the enormous role which the
economy of our country plays in the world economic structure. In terms
of Gross National Product the United States is an economy of over
$900 billion, accounting for just about 1/2 of the world economy. We
also consume just about half of the worlds mineral production in
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achieving this level of activity.
We operate on a free, competitive philosophy, seeking lowest costs,
but as we do this we place extraordinary responsibilities with enter
prising mining management. This makes for unusual political angles in
both the domestic and world scene. In such circumstances mining is no
longer separable from world markets. Minerals shipped into this country
come into competition with minerals produced here, and minerals we pro
duce and ship go into competition with minerals produced elsewhere.
Where the economies of newer nations are principally dependent on
one or two minerals, a change in price as a result of new prospecting,
or new technology, can be harsh, i.e. 10 to 20% off can mean a parti
cularly difficult cut back to that country's total economic complex,
it's no flea bite such as we may shake off here in our country.
Moreover, where corporate structures, in order to be efficient,
often must direct mining activities that are remote, this separation
can make for considerable misunderstanding i.e. New York management
can become "Yankee absentee" ownership to southern communities, but es
calate this to the French point of view these days where the Frenchman
talks about domination of his nations economy by foreign owned companies
purportedly serving the political interests of the foreign (U.S.) nation
and you are in global politics.
The exposure of mining management to the pressures of population
growth becomes particularly strained when we realize the interdependent
relationship which must exist between agriculture and industry: Modern
farming is not successful in our terms without the tractor, without
the mines to produce the minerals that are used to make the tracter,
and so on. Nor do we ship the "inputs" that the farmer needs such as
fertilizers, seeds, and chemical pesticides without constructing high
ways and all that this way entail, from cement manufacture to the
education that provides us with engineers who design and manufacture.
Nor do we get our products to the market place without myriad ser
vices from an interdependent industrial and social structure.
My experience in the agricultural field reminds me that some
100 million people outside the U.S. depend on surplus farm commodities
from this country. On the other hand, one third of our food production
which feeds our 200 million, plus these outside dependents, depends
upon mining and manufacture of fertilizer materials. This brings us
back to mining of phosphates, potash, and oil wells.
I think we ought to be aware of the fact that only 3% of the world's
surface is available for producing food. Since the drive in world un
rest is really coming from massive increases in population, we need
really to look beyond, to future food production resources. These are
not unlimited. Most countries do not have sufficient soil or shill
to produce their food needs indigenously. There is not really the
opportunity to increase the amounts of arable soils to match the re-
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quirements of present rates of population increase. This is bound to
present a source of difficulty for mining management even though it is
apparently an activity quite removed from mining. Management of mining
in Peru, Chile, and many other countries are tending to confirm the
breadth of this view, as does the current emphasis on mineral develop
ment here at home in a safer economic climate.
In short, it V'/ould seem to me that the breadth of mine management
now requires the broadest span of political comprehension and skill.
It would seem that a third criteria has been introduced into the
management process, beyond what might be termed, by comparison, the
more technical industrial decisions of the past.
The two primary criteria of return on investment and share of market
are now joined by the new consideration of the public's need to know,
understand, and accept mining. Enterprising mine management has the
responsibility to communicate in meaningful terms with the communities
in v/hich it v/orks, its leadership may currently require handling of
air and stream pollution problems, but it should also look ahead to those
problems which will come with requirements for even greater mineral
market demands.
Finally, I would like to suggest that this conference was timely.
I believe it has provided an initial focus of viewpoints on environ
mental problems in mining which require flexibility on the part of
mining management. One could describe this conference as the creation
of "a nev.' instrument for communication" and it wouldn't miss the point.
In the final analysis the quality of a society depends on its ability,
to communicate effectively.

298

Dr. Scott: At this time I'd like to thank all the conferees and speakers
for participating in this first Mining Environmental Conference. Your
active interest and discussion of the topics before this meeting increase
my conviction that the problems associated with environmental processes
has become the new dimension that the mineral's engineer must face up to.
At this time I would like to pose a question for all to consider:
"Where do we go from here?" "Should this conference be conducted at the
University of Missouri-Rolla yearly?" "Should the scope of the conference
be limited to specific problems rather than the broad coverage which was
attempted in this one?" "Should the conference, perhaps, be international
and should foreigners who have been dealing with these problems for many
years be asked to participate?" "Should the conference, perhaps, be
rotated between several schools across the nation so that specific prob
lems in different geographic areas could be explored?" *
I pose these questions without answers at this time and I would like
the conferees to communicate their ghoughts to me so that the most
effective and worthwhile conference can be set up for the future. This
I do know, that to have any impact at all upon environmental conditions,
the people attending this and other conferences will have to take the
ideas put forth back to their jobs and associates and assume the role
of leaders to face and solve these problems. I thank you for your
attendance. This meeting stands adjourned.

* At the time of printing, a conference is being planned for March 23-25,
1970 at the University of Arizona. This meeting will be publicized in the
near future.

